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quired  under  Section  1002  of  the  Alaska  National  Interest  Land  Conservation  Act 
(ANILCA)  of  1980.  The  experience  gained  with  Landsat  and  geobotanical  mapping 
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and  relatively  unknown  region  of  northeastern  Alaska.  Much  of  the  experience  re¬ 
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Studies  for  the  Arctic  National  Wildlife  Refuge. 
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SUMMARY 


This  report  describes  the  landforms,  soils  and  vegetation  in  a  1.4-million-acre 
(5700-kmJ)  portion  of  the  Arctic  National  Wildlife  Refuge  (ANWR)  in  Alaska.  The 
area  is  being  considered  for  seismic  oil  exploration  activities  scheduled  to  begin  in 
December  1982.  A  colored  land  cover  map  of  the  study  area  at  1:250,000  scale  was 
derived  from  Landsat  data  as  part  of  this  project  and  was  used  extensively  in  the  ter¬ 
rain  analysis.  Descriptions  of  the  environment  are  based  on  a  seven-day  reconnais¬ 
sance  trip  in  August  1981  that  concentrated  in  four  townships  of  the  study  area.  The 
field  data  are  supplemented  with  information  from  1 :60, 000-scale,  color-infrared 
and  1: 18,000-scale,  color  aerial  photographs.  The  report  is  divided  into  two  parts. 
The  first  describes  the  Landsat  map,  the  methods  for  making  it,  and  the  legend.  The 
second  is  a  description  of  the  ANWR  study  area  based  on  the  major  terrain  types. 

The  Landsat-derived  land  cover  map  consists  of  a  digital  mosaic  of  portions  of 
three  Landsat  scenes.  The  land  cover  classification  consists  of  the  following  map 
categories:  1)  Water,  2)  Pond/Sedge  Tundra  Complex  or  Aquatic  Tundra  or  shallow 
water,  3)  Wet  Sedge  Tundra,  4)  Moist/Wet  Sedge  Tundra  Complex  or  Dry  Prostrate 
Shrub,  Forb  Tundra,  5)  Moist  Sedge,  Prostrate  Shrub  Tundra  or  Moist  Sedge/Bar¬ 
ren  Tundra  Complex  (frost-scar  tundra),  6)  Moist  Sedge  Tussock,  Dwarf  Shrub 
Tundra,  7)  Moist  Dwarf  Shrub,  Sedge  Tussock  Tundra  or  Moist  Sedge  Tussock, 
Dwarf  Shrub/Wet  Dwarf  Shrub  Complex  (water  track  complex),  8)  Shrub  Tundra, 
9)  Partially  vegetated  areas,  10)  Barren  gravel  or  rock,  11)  Wet  gravel  or  mud,  and 
12)  Ice.  The  land  cover  classification  system  is  briefly  explained  and  equivalent  units 
are  given  for  six  other  vegetation,  wetland  and  land  cover  classification  systems. 

The  legend  system  is  a  solution  to  the  current  need  for  a  tundra  classification.  The 
system  is  still  being  perfected,  but  it  already  meets  the  following  criteria: 

1)  The  system  is  applicable  to  both  large-  and  small-scale  mapping. 

2)  It  consistently  applies  the  same  criteria  to  naming  all  community  types. 

3)  It  has  a  consistent  method  ol  naming  vegetation  complexes. 

4)  It  is  well  suited  for  specific  application  to  Landsat  multispectral  scanner  data. 

The  study  area  is  divided  into  five  terrain  types  and  the  ocean.  These  types  deline¬ 
ate  relatively  large  areas  with  similar  primary  landforms.  They  are,  with  their  per¬ 
centage  of  the  study  area  in  parentheses,  foothills  (44.7%),  river  flood  plains 
(24.6%),  hilly  coastal  plains  (22.4%),  ocean  (5.2%),  flat  thaw-lake  plains  (3.1%) 
and  mountainous  terrain  (0.03%). 

Foothills  are  the  most  common  terrain  type  in  the  study  area.  Tundra  with  sedge 
tussocks  and  dwarf  shrubs  covers  most  foothill  uplands.  Dominant  plants  include 
sheathed  cottongrass  (Eriophorum  vaginalum),  numerous  ericaceous  shrubs,  dwarf 
birch  (Betula  nana )  and  diamond-leafed  willow  (Salix  planifolia  ssp.  pulchra ). 
Shrub  cover  varies  in  upland  tundra  types  and  is  responsible  for  much  of  the  varia¬ 
tion  in  spectral  reflectances  from  moist  tundra  vegetation.  Stream  valleys,  south¬ 
facing  slopes  and  water  tracks  (drainage  channels  on  slopes)  are  likely  to  have  well- 
developed  shrub  communities.  Frost  scars  occur  on  most  upland  surfaces  and  may 
cover  up  to  90%  of  the  surface.  Pergelic  Cryaquolls  or  Pergelic  Cryaquepts  underlie 
much  of  the  moist  tundra,  although  Histic  Pergelic  Cryaquepts  are  common  soils  in 
water  tracks. 

River  flood  plains,  which  cover  large  portions  of  the  study  area,  are  highly  com¬ 
plex  landscapes  that  include  present  flood  plains,  former  braided  drainages,  river 
deltas,  bluffs,  terraces,  wet  tundra,  gravel  bars,  dunes,  mud  flats  and  river  icings. 
Willow  communities  are  common  along  the  rivers. 
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Hilly  coastal  plains  occur  north  of  the  foothills,  particularly  east  of  the  Hulahula 
River.  The  vegetation  and  soils  are  a  combination  of  those  found  in  the  foothills  and 
those  found  in  the  flat  thaw-lake  plains.  Wet  sedge  tundra  covers  about  23%  of  the 
unit,  and  complexes  of  moist  and  wet  sedge  tundra  cover  about  34%.  Moist  tundra 
types  cover  about  40%  of  the  unit.  Wet  tundra  areas  are  mostly  confined  to  depres¬ 
sions  between  low  ridges  that  have  an  east-west  orientation.  Nearly  flat  hill  crests  of¬ 
ten  have  extensive  thermokarst  pits. 

Flat  thaw-lake  plains  are  restricted  to  small  areas  near  the  coast  and  are  dom¬ 
inated  by  wet  sedge  tundra  and  complexes  of  moist  and  wet  sedge  tundra.  A  large 
portion  of  these  areas  is  covered  by  lacustrine  complexes.  The  vegetation  and  soils 
are  strongly  controlled  by  microrelief  associated  with  patterned  ground,  mainly  ice- 
wedge  polygons  and  strangmoor.  The  dominant  plants  are  aquatic  sedge  (Carex 
aquatitis ),  other  sedges  and  mosses.  The  dominant  soils  are  Pergelic  Cryaquepts  and 
Histic  Pergelic  Cryaquepts,  with  thick,  fibrous,  organic  surface  horizons.  In  wetter 
areas  these  soils  often  form  complexes  with  true  organic  soils,  mainly  Pergelic  Cryo- 
hemists.  Moderately  well  drained  areas  often  have  mineral  soils,  Pergelic  Crya- 
quolls,  in  association  with  frost  boils.  The  vegetation  near  the  coast  is  affected  by  a 
steep  summer  gradient,  with  low  temperatures  near  the  coast  and  higher  tempera¬ 
tures  inland.  Beaches,  lagoons,  estuaries  and  low-lying  areas,  which  are  all  inun¬ 
dated  by  sea  water  during  storm  surges,  support  saline-tolerant  plant  communities 
and  haline  soils. 

Mountainous  terrain  occurs  only  in  a  small  portion  of  the  study  area,  near  Sadle- 
rochit  Spring.  Surface  forms  consist  of  block  fields,  talus  slopes,  sorted  stone  nets, 
steep  solifluction  slopes,  and  rock  outcrops.  Soils  are  restricted  to  small  areas  where 
finer  materials  can  collect.  In  less  rocky  areas,  Pergelic  Cryorthents  form  complexes 
with  Pergelic  Cryochrepts,  Pergelic  Cryaquepts,  and  occasionally,  Cryohemists  in 
solifluction  areas.  The  land  cover  in  most  mountainous  areas  is  classed  as  either  bar¬ 
ren  or  partially  vegetated  due  to  the  dominance  of  rock,  but  fairly  lush  tundra  vege¬ 
tation  occurs  locally  on  partially  stable  terrain. 


LANDSAT-ASSISTED  ENVIRONMENTAL 
MAPPING  IN  THE  ARCTIC  NATIONAL 
WILDLIFE  REFUGE,  ALASKA 

D.A.  Walker,  W.  Acevedo,  K.R.  Everett,  L.  Gaydos, 

J.  Brown  and  P.J.  Webber 


INTRODUCTION 

The  Alaska  National  Interest  Lands  Conserva¬ 
tion  Act  (AN1LCA)  of  1980  created  the  present 
boundaries  of  the  Arctic  National  Wildlife  Refuge 
(ANWR).  Under  this  legislation,  1.4  million  acres 
(5700  km  )  of  the  northern  portion  of  the  refuge 
were  opened  to  oil  and  gas  exploration  at  the  dis¬ 
cretion  of  the  Secretary  of  the  Interior  (Fig.  1). 
The  area,  henceforth  referred  to  as  the  ANWR 
study  area,  is  being  considered  for  seismic  oil  ex¬ 
ploration  that  would  begin  in  December  1982. 

An  Environmental  Impact  Statement  (EIS)  was 
prepared  to  satisfy  Section  I002d  of  ANILCA.  A 
baseline  study  was  prepared  under  Section  1002c 
of  ANILCA  to  serve  as  the  basis  for  the  EIS  and 
for  regulating  future  exploration.  The  extent,  lo¬ 
cation  and  carrying  capacity  of  wildlife  habitats 
are  major  emphases  of  the  baseline  studies,  and 
vegetation  maps  are  required  for  examining  wild¬ 
life  habitats.  Because  existing  vegetation  maps 
covering  the  study  area  were  too  general  for  habi¬ 
tat  studies,  a  new  1 :250,000-scale  land  cover  map 
was  suggested,  and  Landsat -assisted  mapping  was 
deemed  the  most  practical  approach  in  the  limited 
time  available.  A  Landsat -based  land  cover  map 
(inserted  in  the  back  of  this  report)  was  produced 
between  August  1981  and  April  1982,  and  was 
partially  verified  by  the  three  senior  authors. 

This  report  is  divided  into  two  parts.  The  first 
part  is  devoted  to  the  land  cover  map,  with  discus¬ 
sions  of  the  mapping  methods  and  legend.  The 
legend  is  a  step  toward  a  Landsat  classification 
system  for  tundra.  The  second  part  consists  of  de¬ 
scriptions  of  the  major  terrain  types  within  the 
ANWR  study  area. 


A  LAND  COVER  MAP  OK 
THE  ANW  R  STUDY  AREA 

There  arc  two  main  objectives  fot  mapping 
project : 

1 )  To  produce  a  land  cover  map  ,N\YR 

study  area  that  has  wide  applicatio.  ;  wildlife 
and  land  use  studies. 

2)  To  develop  a  legend  that  is  appropriate  for 
Landsat  and  that  has  application  to  other  areas  in 
northern  Alaska. 

A  Landsat -derived  land  cover  classification  was 
deemed  the  most  suitable  approach  for  this  map¬ 
ping  project  for  several  reasons.  First,  the  map 
had  to  be  prepared  in  less  than  one  year;  l.andsat- 
assisted  mapping  is  the  quickest  method  for  map¬ 
ping  large  areas.  Second,  the  area  is  generally  in¬ 
accessible  for  detailed  mapping  on  the  ground. 
Third,  funds  were  insufficient  for  conventional 
mapping  by  aerial  photointerpretation,  and  not  all 
of  (he  area  was  covered  on  aerial  photographs. 
Finally,  Landsat  provides  digital,  geographically 
referenced  information  that  lends  itself  well  to 
geographic-based  information  systems.  Other 
data  bases  can  be  registered  to  it,  and  analyses 
such  as  area  measurements  can  be  performed  easi¬ 
ly.  Also,  maps  can  be  converted  to  different  scales 
or  the  boundaries  changed. 

Our  recent  work  in  the  Prudhoe  Bay  region 
(Walker  and  Acevedo,  in  preparation)  has  shown 
(hat  excellent  Landsat-derived  land  cover  maps 
can  be  prepared  for  the  tundra  of  the  Arctic 
Coastal  Plain.  The  Coastal  Plain  has  two  attri¬ 
butes  that  aid  in  interpreting  Landsat  data.  First, 
the  terrain  is  nearly  flat  or  gently  rolling,  so  deep 
shadows  do  not  create  problems  in  interpretation. 
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as  i hc>  do  in  mouniainous  areas.  Second,  i he  veg- 
eiaiion  is  all  low  growing;  there  are  no  trees  to 
mask  the  terrain  or  other  vegetation. 

Legend  development 

Criteria  for  f  andsut -derived  tundra  legends 

Although  Landsat -derived  maps  have  been 
developed  lor  several  areas  of  northern  Alaska 
(Belon  et  al.  1975,  Nodler  and  LaPerriere  1977, 
Nodler  et  al.  1978,  l.yon  and  George  1979,  Mor¬ 
rissey  and  Ennis  1981),  there  has  not  yet  been  an 
attempt  to  develop  a  comprehensive  Landsat  land 
cover  legend  applicable  to  all  areas  of  the  Alaskan 
arctic  tundra.  There  are,  however,  numerous  clas¬ 
sification  systems  that  were  examined  for  poten¬ 
tial  application  to  this  mapping  objective.  These 
fit  in  three  categories:  remote-sensed  land  cover 
classifications  (Anderson  et  al.  1976,  Nodler  and 
LaPerriere  1977),  wetland  classifications  (Berg¬ 
man  et  al.  1977,  Cowardin  et  al.  1979),  and  vege¬ 
tation  classifications  (Fosberg  1970,  UNESCO 
1975,  Viercck  and  Dyrness  1980,  Driscoll  et  al. 
1981).  A  full  discussion  of  the  merits  and  prob¬ 
lems  of  each  system  is  beyond  the  scope  of  this  re¬ 
port;  none  satisfied  the  objective  of  this  project. 

A  satisfactory  legend  for  Landsat-assisted  map¬ 
ping  of  tundra  vegetation  must  meet  several  crite¬ 
ria.  First,  the  legend  must  be  based  on  the  charac¬ 
teristics  of  tundra  vegetation  that  can  be  recog¬ 
nized  on  Landsat  imagery.  Our  experience  with 
Landsat  imagery  and  tundra  has  shown  that  there 
are  two  primary  aspects  of  arctic  Alaskan  coastal 
tundra  vegetation  that  affect  its  spectral  reflec¬ 
tance — the  amount  of  water  on  the  surface  and  the 
percentage  of  shrubs  in  the  vegetation  canopy. 
Numerous  secondary  factors,  such  as  the  openness 
of  the  graminoid  layer  (the  layer  of  grasslike 
plants),  the  color  of  the  substrate,  the  amount  of 
erect,  dead  graminoid  vegetation,  and  the  nutrient 


status  of  the  site,  also  affect  the  reflectance.  A 
classification  system  for  Landsat -derived  mapping 
should  recognize  the  effect  of  moisture  and  shrub 
cover  on  spectral  reflectance.  The  secondary  fac¬ 
tors  are  more  difficult  to  classify  consistently ,  but 
they  should  be  considered  during  photointerpreta¬ 
tion. 

Second,  a  classification  system  should  be  flexi¬ 
ble  enough  to  describe  the  great  variety  of  tundra 
communities.  There  has  not  yet  been  sufficient  ex¬ 
perience  with  Landsat  imagery  of  tundra  environ¬ 
ments  to  establish  a  final  set  of  units  with  which  to 
categorize  all  tundra  landscapes.  Most  approaches 
have  attempted  to  force  Landsat  interpretations 
into  rather  rigid  legend  systems  that  have  never 
been  applied  to  detailed  tundra  mapping  or  that 
simply  are  not  suitable  for  a  Landsat  approach. 

Third,  a  classification  sy  stem  should  use  consis¬ 
tent  criteria  in  naming  vegetation  units.  This  is 
emphasized  in  all  major  national  and  international 
mapping  svstems.  Most  of  these  sy  stems  recognize 
the  importance  of  dominant  growth  forms.  We 
have  found  that  a  comb' ration  of  dominant 
growth  forms  and  site  moisture  can  be  used  con¬ 
sistently  for  preparing  maps  of  tundra  vegetation. 
The  system  should  also  have  a  consistent  method 
of  describing  vegetation  complexes  (i.e.  areas 
where  there  are  mixtures  of  vegetation  communi¬ 
ties),  which  are  particularly  common  in  the  pat¬ 
terned-ground  landscapes  of  the  Arctic. 

Finally,  the  small-scale,  Landsat-based  legend 
units  should  be  able  to  serve  as  a  basis  for  more 
detailed  community-level  mapping  without  ehang- 
‘.->8  the  system.  It  is  also  important  that  the  system 
should  be  cross-referenced  to  the  other  classifica¬ 
tion  systems  currently  in  use  in  Alaska. 

The  classification  system  developed  here  satis¬ 
fies  these  criteria.  The  classification  system  for 
small-scale  maps,  such  as  the  1 :250,000-scale  land 
cover  map  at  the  end  of  this  report,  is  based  on  a 
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method  of  describing  plant  communities  at  large 
scales  (e.g.  1:6000  scale)  that  was  developed  for 
Prudhoe  Bay,  Alaska  (Walker  et  al.  1980,  Walker 
1981).  This  large-scale  nomenclature  system  is 
described  first  so  that  the  basis  of  the  smaller- 
scale,  Landsat-level  map  units  can  be  better 
understood.  The  map  itself  is  a  major  step  toward 
producing  accurate  vegetation  maps  for  the  entire 
Arctic  Slope  of  Alaska. 

\omenelature  for  large-scale 
vegetation  mapping 

Community  nomenclature  for  large-scale  map¬ 
ping  (1:12,000  scale  or  larger )  incorporates  four 
major  parts:  I)  a  site  moisture  term,  2)  the  domi¬ 
nant  plant  species  in  each  part  of  the  vegetation 
canopy,  3)  the  dominant  plant  growth  forms,  and 
4)  an  overall  physiognomic  descriptor.  These  parts 
are  always  arranged  in  this  sequence. 

The  site  moisture  term  can  be  DRV,  MOIST. 
WET,  or  if  the  vegetated  area  is  permanently  cov¬ 
ered  with  water,  AQUATIC.  The  site  moisture 
term  is  followed  by  the  names  of  the  dominant 
plant  taxa,  usually  one  or  more  from  each  of  the 
shrub,  herb  and  cryptogam  components  of  the 
vegetation.  The  number  of  ta\a  is  kept  to  the  min¬ 
imum  required  to  adequately  distinguish  the  com¬ 
munity  from  others  on  the  map:  the  total  never  ex¬ 
ceeds  six. 

The  terms  used  for  plant  growth  forms  are:  1) 
TALL  SHRUB  (>2  m  tall),  2)  MEDIUM  SHRUB 
(0.5-2  m),  3)  DWARE  SHRUB  (0. 1-0.5  m).  4) 
PROSTRATE  SHRUB  ( <0. 1  m),  5)  TUSSOCK 
GRAMINOID.  6)  NONTUSSOCK  GRAMI- 
NOID,  7)  FORB,  8)  MOSS  and  9)  LICHEN.  All 
low-growing  woody  plants  (<0.I  m  high),  such  as 
Dryas  integrifolia  and  Araostaphvlos  rubra,  are 
classed  as  prostrate  shrubs.  The  graminoid  vegeta¬ 
tion  is  further  broken  down  into  either  sedge-  or 
grass-dominated  units.  Cushion  plants,  such  as 
Saxifraga  oppositifolia  and  Oxvtropis  nigrescens, 
are  included  in  the  forb  category.  The  lichen  vege¬ 
tation  is  further  broken  down  into  crustose-  or 

fruticose/foliose-lichen-dominated  units.  If  a  veg¬ 
etation  unit  is  dominated  by  more  than  one 
growth  form,  each  covering  at  least  30%  of  the 
ground,  it  will  have  more  than  one  growth  form  in 
its  name  (e.g.  MOIST  SEDGE  TUSSOCK, 
DWARF  SHRUB  TUNDRA). 

The  physiognomic  descriptor  TUNDRA  is  used 
for  all  arctic  and  alpine  nonforesicd  areas  with 
generally  continuous  ground  cover.  The  physiog¬ 
nomic  term  BARREN  is  applied  to  units  with  less 
than  30%  vegetation  cover.  The  site  moisture 
term,  the  dominant  plant  growth  forms,  and  the 


physiognomic  descriptor  have  all  upper-case  let¬ 
ters,  and  the  plant  names  are  italicized.  (The 
upper-case  lettering  applies  only  to  large-scale 
community  names  and  is  not  used  lor  small-scale 
vegetation  unit  names.) 

An  example  of  a  community  name  using  this 
system  is  WET  Care x  aquatilis.  Orepanodadus 
brevifolius  SEDGE  TUNDRA.  A  more  complex 
example  with  two  dominant  growth  forms  is 
MOIST  Lrioplioruin  triste.  Onus  integrifolia,  Sa- 
lix  un  til  a.  Tomenthypnum  miens,  T/iuinnolia 
suhultfonnis  SEDGE.  PROSTRATE  SHRUB 
TUNDRA. 

Vegetation  complexes  are  also  described  with  a 
uniform  nomenclature.  A  unit  is  considered  a 
complex  if  it  contains  two  or  more  distinct  com¬ 
munities,  and  each  community  covers  at  least  30% 
of  the  area.  In  the  Arctic,  community  mosaics  oc¬ 
cur  mainly  as  a  response  to  minor  elevation  differ¬ 
ences  associated  with  ice-wedge  polygons,  frost 
boils,  water  tracks,  strangmoor,  solifluction  lobes 
and  other  kinds  of  patterned  ground.  Even  at  the 
1:6000  scale  most  of  the  individual  communities 
are  too  small  to  map  without  reference  to  vegeta¬ 
tion  complexes.  In  this  nomenclature  the  term 
COMPLEX  is  attached  to  the  end  of  the  land  cov¬ 
er  name,  and  the  major  elements  of  the  complex 
are  separated  by  a  slash  (/).  For  example,  a  map 
unit  composed  of  wet  sedge  tundra  and  moist 
sedge  tundra  is  called  a  WET/  MOIST  SEDGE 
TUNDRA  COMPLEX.  The  most  abundant  unit 
of  the  complex  is  named  first.  A  map  unit  with  a 
wet.  dwarf-shrub  community  occurring  in  the 
water  tracks  of  sedge-tussock,  dwarf-shrub  tundra 
would  be  named  MOIST  SEDGE  TUSSOCK, 
DWARF  SHRUB/WET  DW  ARF  SHRUB  TUN¬ 
DRA  COMPLEX. 

At  large  scales,  complexes  of  vegetation  can  be 
described  by  the  nature  of  the  surface  form  on 
which  the  complex  occurs.  For  example,  vegeta¬ 
tion  on  a  foothill  area  vvi'h  water  tracks  would 
have  the  following  explanation  in  the  legend: 
MOIST  SEDGE  TUSSOCK.  DWARE  SHRUB 
WET  DWARF  SHRUB  TUNDRA  COMPLEX 
(water  track  complex): 

a)  Interfluves  and  upland  tundra  areas:  MOIST 
Eriophorum  vagina  turn,  Betula  nana,  Salix  plant- 
folia.  Ledum  decumbens.  Sphagnum  sp.,  Cladina 
sp.  TUSSOCK  SEDGE,  DWARF  SHRUB  TUN¬ 
DRA, 

b)  Water  tracks:  WET  Salix  planifolia,  Betula 
nana,  Carex  aquatilis,  Sphagnum  sp.  DWARF 
SHRUB  TUNDRA. 

The  term  “water  track  complex”  could  be  used  as 
a  shorter  synonym  in  general  discussion. 


Table  1.  Four-level  hierarch)  for  mapping  lundra  regions. 


Level 

1 

2 

3 

4 

Applii'alion: 

Ver>  small  scale  maps 

Small-scale,  very  general, 
l  andsat -level  maps 

Small-scale,  more  detailed. 

1  and  sal  level  maps 

I  arge-scale  maps  with  detailed 
ground  relerence  data 

Vile: 

1:2.500,000  oi  Mnallei 

1:500.000 

1:12.000-1:500.000 

1:400-1:12.000 

Numrnilalure: 

1  Physiognomic  descriptors 

1  Phvsignomic  descriptors 
2.  Site  moisture 

1.  Physiognomic  descriptors 

2.  Site  moisture 

V  Dominant  plant  growth 
lot  ms 

1  Physiognomic  descriptors 

2.  Site  moisture 

.V  Dominant  plant  growth 

forms 

4.  Species  composition 

Kvamplrv 

1  1  undra 

1 .  Wet  I  undra 

1 .  Wet  Sedge  I  undra 

1.  WI  T  C  arex  aquaiths, 
l hepamn  lad i4 s  h/e vihdiu \ 

2.  Barrens 

2.  Moist  1  undra 

2.  Moist  Sedge.  Prostrate 
Shrub  lundra 

3.  Moist  Wet  Sedge  l  undra 
Complex 

4.  Dr>  Prostrate  Shrub 
lundra  Barren  Complex 

Map  categories  can  include 
vegetal um  complexes  or 
combinations  of  land 
cover  types. 

SEDGE  TUNDRA 

2.  MOIST  Enttphorum 
irnfe.  Dry  as  mleanfolia. 

Sahx  arciua,  Totneniliyp- 
num  miens,  T ha  mm  >  ha 
subuhformts  SEDGE, 
PROSTRATE  SHRLB 

T  I  N  DR  A 

Map  categories  can  include 
vegetation  complexes  that 
require  complete  descriptions 
lor  each  part  ol  the  complex. 

1  Highest  —  144  km  lit. 

"  Mean  annual  stum  tail  — 115  cm. 


Somendature  for  small-scale 
wgetaiion  mapping 

l  or  small-scale.  Landsat-leu'l  mapping,  the  de¬ 
tails  of  community  composition  can  lately  he  in¬ 
cluded,  but  the  site  moisture  term,  the  dominant 
plant  growth  forms,  and  the  physiognomic  de¬ 
scriptor  can  normally  be  tetained  in  the  land  cover 
titles.  There  arc,  however,  numerous  exceptions. 
With  Landsat  it  is  sometimes  difficult  to  separate 
rather  distinct  land  cover  types  solely  on  the  basis 
of  spectral  reflectance,  and  it  may  be  necessary  to 
describe  a  map  category  (i.e.  one  color  on  the 
map)  with  several  land  cover  types.  For  example. 
‘‘Pond/Sedge  Tundra  Complex;  or  Aquatic  Tun¬ 
dra;  or  shallow  water"  describes  a  map  category 
consisting  of  several  very  wet  land  cover  types  that 
could  not  be  distinctly  separated  in  the  l  andsat 
data. 

Sometimes  it  may  also  be  necessary  to  drop  a 
part  of  the  land  cover  title,  l  ot  example,  it  may 
not  be  possible  to  distinguish  Wet  Medium  Shrub 
Tundra  from  Wet  Dwarf  Shrub  Tundra  or  Dry- 
Medium  Shrub  Tundra,  so  the  term  Shrub  Tundra 
could  be  used.  Every  attempt  should  be  made  to 
retain  the  complete  title,  since  this  increases  the 


amount  of  information  available  on  the  map. 
However,  in  some  cases  the  vegetation  within  a 
map  category  may  vary  so  widely  that  it  is  not  pos¬ 
sible  to  use  the  nomenclature  system  at  all.  Par- 
ially  vegetated  areas  are  often  of  this  natuie. 

At  small  scales  the  system  is  not  rigid.  It  simply 
offers  a  means  of  describing  tundra  land  cover  as 
consistently  as  possible.  The  system  lot  mapping 
at  small  scales  is  strongly  rooted  in  the  nomencla¬ 
ture  systems  lot  large-scale  mapping  in  that  there 
is  a  natural  nesting  of  nomenclatuic  at  fout  levels 
(1  able  I ). 

Mapping  method 

The  mapping  methods  consisted  of  1)  acquiring 
ground  reference  data  from  aerial  photographs 
and  field  observations,  2)  preparing  the  land  cover 
classification  from  the  digital  l  andsat  data,  and  3) 
composing  and  printing  the  final  colored  map. 
Computer-generated  data  provided  detailed  area 
summaries  for  each  map  caiegoty.  In  addition,  a 
simplified,  hand-drawn  land  cover  map  with  poly¬ 
gonal  map  category  boundaries  was  prepared  lot 
smaller-seale  mapping  programs. 
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Ground  reference  dam 

Ground  reference  data  for  the  project  were 
gathered  during  a  USFWS-supported  helicopter 
survey,  12-17  August  1981.  The  survey  was  con¬ 
centrated  in  four  townships  (Fig.  2)  that  included 
the  major  landform  features  within  the  ANWR 
study  area.  This  information  was  supplemented 
with  extensive  ground  reference  data  gathered 
from  similar  Alaskan  arctic  areas  outside  ANWR 
during  the  past  several  years. 

The  field  method  consisted  of  locating  large  ho¬ 
mogeneous  areas  of  terrain  on  1 :60,000-scale,  ae¬ 
rial,  color-infrared  photographs  and  (hen  describ¬ 
ing  (from  the  air)  the  vegetation  (e.g.  wet  sedge 
tundra;  dwarf  shrub,  sedge  tussock  tundra;  par¬ 
tially  vegetated)  and  the  landform  (e.g.  low-cen¬ 
tered  polygon;  strangmoor;  water  tracks).  In  par¬ 
ticularly  homogeneous  areas  that  appeared  to  be 
representative  of  common  units,  we  took  detailed 
notes  of  the  vegetation,  site  factors  and  soils. 
Vegetation  complexes  were  described  if  they  were 
extensive  and  were  associated  with  distinctive 
patterned-ground  features.  Each  area  was  photo¬ 
graphed  from  the  air  and  the  ground. 

We  spent  most  of  the  field  time  describing  map 
units  from  aircraft.  This  could  be  done  readily, 
since  most  of  the  vegetation  and  soils  are  similar 
to  those  we  have  encountered  in  other  areas  of 
northern  Alaska.  This  method  allowed  us  to  cover 
as  much  terrain  as  possible  with  the  limited 
amount  of  helicopter  support.  We  took  detailed 
notes  regarding  species  composition  in  35  stands 
of  vegetation.  We  hope  that  these  data  will  be  sup¬ 
plemented  with  additional  quantitative  informa¬ 
tion  in  future  years  and  will  be  presented  in  a  sepa¬ 
rate  report. 

Computer  classification 
of  the  Landsat  data 

The  methods  employed  for  producing  the  land 
cover  classification  from  the  Landsat  data  were 
those  available  at  the  USGS  Geographic  Investiga¬ 
tions  Office  at  Ames  Research  Center,  Moffett 
Field,  California  (Morrissey  and  Ennis  1981). 
Three  Landsat  scenes  were  used  in  this  analysis. 
The  eastern  two-thirds  of  the  study  area  was  cov¬ 
ered  by  scene  22008-20420  (22  July  1980)  acquired 
from  the  Canada  Center  for  Remote  Sensing.  The 
remainder  of  the  region  was  covered  by  scene 
21633-20531  (13  July  1979),  except  for  a  small 
wedge  in  the  southwest  corner,  which  was  coveied 
by  scene  2570-20462  (14  August  1976).  Each  scene 
had  to  be  treated  separately  in  the  analysis  to  ac¬ 
count  for  the  variation  in  spectral  response  among 
scenes  and  because  of  phenological  changes  in 


vegetation  from  year  to  year.  The  manipulated  ic- 
sults  were  later  merged  to  create  a  land  covet  map 
for  the  entire  study  area. 

A  clustering  algorithm  was  used  to  define  dis¬ 
crete  groups  of  pixels  on  the  basis  of  their  teflec- 
tance  in  the  four  Landsat  spectral  bands.  I  lie 
analyst  selected  the  number  of  clusters  based  on 
experience  with  similar  Landsat  data  and  on  an  es¬ 
timate  of  the  desired  number  of  clusters  in  the  fi¬ 
nal  classification.  The  numbers  of  clusters  desig¬ 
nated  for  this  study  were  28  for  scene  2570-20462, 
35  for  scene  21633-20531,  and  31  for  scene  22008- 
20420.  A  systematic  10%  sample  of  the  pixels 
from  each  Landsat  scene  was  used  in  the  clustering 
algorithm.  This  algorithm  sorts  the  Landsat  data 
into  classes  such  that  the  pixels  within  each  class 
are  as  similar  to  each  other  as  possible  and  pixels 
from  different  classes  are  as  different  from  each 
other  as  possible.  These  clusters  describe  in  statis¬ 
tical  terms  (means  and  covariances)  the  spectral 
properties  of  Landsat  data  (Swain  1972). 

It  was  expected  that  these  clusters  would  de¬ 
scribe  only  general  land  cover  units  and  not  the 
specific  units  desired.  Therefore,  the  ground  refer¬ 
ence  data  were  used  to  full  advantage.  Landsat 
pixels  from  each  of  the  four  ground  reference 
areas  were  clustered  separately.  The  resulting 
clusters  were  used  to  define  vegetation  classes, 
while  the  10%  sample  was  used  to  select  clusters 
representative  of  ice,  water  and  barren  land. 

At  this  point  some  vegetation  classes  were  still 
not  well  defined  by  clusters.  These  were  classes 
that  occurred  rarely  in  the  areas  studied.  It  was 
likely  that  there  were  not  enough  pixels  containing 
these  vegetation  types  to  allow  them  to  be  segre¬ 
gated  into  distinct  clusters;  hence,  they  were  ini¬ 
tially  included  in  spectrally  similar  clusters.  To 
handle  these  special  cases,  known  occurrences 
were  defined  and  mapped  from  the  ground  refer¬ 
ence  information.  Pixels  from  these  locations  were 
then  clustered  independently,  without  considera¬ 
tion  of  other  classes  in  the  area,  to  produce  sharp¬ 
er  spectral  classes. 

Thus,  a  final  set  of  clusters,  as  defined  by  spec¬ 
tral  statistics,  was  produced  for  each  scene.  Each 
pixel  in  the  scene  was  assigned  to  a  cluster  using 
discriminant  function  analysis  to  determine  the 
cluster  to  which  the  pixel  had  the  greatest  proba¬ 
bility  of  belonging  (Gaydos  and  Ncwland  1978). 

By  viewing  the  results  on  a  color  image  display, 
the  analyst  was  able  to  enlarge  small  portions  of 
the  Landsat  scene.  He  could  also  view  only  the 
pixels  in  a  selected  spectral  class  by  assigning  a  col¬ 
or  to  that  class.  He  then  identified  the  vegetation 
in  the  spectral  class  based  on  field  notes  and  high 
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Figure  3.  Cluster  diagram  for  Scene  No.  22008-20420,  Bands  5  (red)  and  6  (near  IB).  Each  ellipse  encloses  80° i>  of  the 
pixels  assigned  to  the  respective  duster.  The  land  cover  designations  and  map  colors  indicate  how  the  clusters  were  grouped  in  the 
final  classification. 


resolution,  color-infrared  photography.  This  most 
important  interpretation  step  was  aided  immense¬ 
ly  by  field  experience. 

Each  cluster  was  interpreted  and  assigned  to  a 
map  category,  i.e.  one  or  more  land  cover  units 
represented  by  a  single  color  on  the  map  (Fig.  3). 
Often  several  clusters  were  included  in  a  single 
map  category.  In  some  cases  this  was  because  a 
map  category  included  a  number  of  land  cover 


units  with  different  spectral  properties  (e.g.  water, 
ice,  barren  and  partially  vegetated  areas).  In  other 
cases  there  were  insufficient  ground  reference  data 
to  define  more  categories. 

The  major  units  described  are  the  ones  that 
could  be  distinguished  during  the  time  available 
lor  interpretation  in  late  1981.  We  hope  that  the 
dissimilar  vegetation  types  now  within  some  map 
categories  can  be  separated  by  breaking  single 
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spectral  classes  into  several  clusters.  Digital  terrain 
data  are  being  used  to  help  separate  classes  on  the 
basis  of  slope.  Class  consistency  was  a  primary 
goal.  Care  was  taken  to  identify  and  resolve  con¬ 
flicts  between  the  three  Landsat  scenes  as  the  final 
12  map  categories  were  developed. 

Colored  map  preparation 

Geometric  correction.  Ground  control  points, 
i.e.  surface  features  identifiable  both  on  1:63, 360- 
scale  topographic  maps  and  in  the  Landsat  data, 
were  selected  for  computing  the  parameters  need¬ 
ed  for  geometric  correction  of  the  Landsat  data 
and  registration  to  a  Universal  Transverse  Merca¬ 
tor  (UTM)  projection.  About  30  well-distributed 
control  points  were  selected  for  each  scene.  These 
points  were  located  on  USGS  1 :63, 360-scale  topo¬ 
graphic  maps  and  on  gray  scale  line-printer  maps 
produced  from  the  Landsat  data  at  a  scale  of  ap¬ 
proximately  i:24,000.  The  points  were  used  to  de¬ 
fine  second-order,  least-squares  polynomial  trans¬ 
formation  equations  relating  latitude  and  longi¬ 
tude  on  the  maps  to  row  and  column  positions  on 
the  Landsat  scenes.  The  coefficients  in  the  polyno¬ 
mial  equation  wete  used  for  correcting  each  scene 
to  a  UTM  projection  (Zone  6).  The  geometric  cor¬ 
rection  resulted  in  pixels  that  were  50  meters  on  a 
side. 

Scene  mosaic.  Once  the  data  were  corrected  to  a 
common  base,  a  single  data  set  was  formed  from 
the  mosaic  of  the  three  scenes.  Common  tie-points 
were  identified  where  the  scenes  overlapped,  and 
they  were  used  to  set  mosaic  parameters.  The  re¬ 
sulting  mosaic  of  the  classified  scenes  showed  no 
apparent  scene  boundaries.  This  is  a  good  qualita¬ 
tive  indicator  of  the  Landsat  classification  process 
and  the  consistency  of  the  spectral  class  descrip¬ 
tions. 

Data  generalization.  The  original  pixel  data  had 
a  “salt  and  pepper"  appearance,  with  many  iso¬ 
lated  pixels  in  otherwise  homogeneous  areas  of 
color.  This  detracted  from  the  appearance  of  the 
map  without  adding  much  information  at  the 
1 :250,000  scale.  Thus,  it  was  desirable  to  genera¬ 
lize  the  Landsat  pixel  data  for  cartographic  pre¬ 
sentation. 

Accordingly  the  data  were  filtered  in  an  attempt 
to  remove  liny  occurrences  of  map  categories  one 
or  two  pixels  in  size.  The  filtering  was  done  by  sys¬ 
tematically  moving  a  3-  *  3-pixel  window  across 
the  classified  data.  In  the  first  round  the  center 
pixel  (the  one  being  considered  for  reclassifica¬ 
tion)  was  assigned  a  weight  of  4,  while  its  adjacent 
neighbors,  both  horizontally  and  vertically,  were 
assigned  weights  of  2,  and  the  pixels  on  the  diag¬ 


onal  were  assigned  weights  of  I .  Each  map  cate¬ 
gory  showing  in  the  window  was  rated  by  adding 
the  weights,  and  the  pixel  in  question  (the  center 
pixel  of  the  group  of  9)  was  assigned  to  the  map 
category  with  the  highest  rating.  The  window  was 
then  moved  to  the  next  pixel.  This  4-2-1  smooth¬ 
ing  process  eliminated  many  isolated  pixels  while 
preserving  the  shape  of  the  remaining  units.  A  se¬ 
cond  round  of  filtering  was  performed  on  the  re¬ 
sults  from  the  first  with  a  2-1-1  smoothing,  elimi¬ 
nating  more  single  pixels  and  creating  more  homo¬ 
geneous  map  areas. 

Base  map.  A  base  map  for  the  final,  colored, 
Landsat -derived  land  cover  map  w  as  compiled 
from  a  mosaic  of  the  four  USGS  1 :250,0()0-scale 
quadrangles  (Flaxman  Island,  Barter  Island,  Mt. 
Michelson  and  Demarcation  Point).  Projection  in¬ 
formation,  township  boundaries,  and  geographic 
names  within  the  ANWR  study  area  are  on  this 
map.  This  base  map  also  contains  the  land  cover 
unit  descriptions  and  information  on  how  the  map 
was  prepared. 

Printing.  A  tape  of  the  Landsat  data  was  used 
to  drive  a  large-format  laser  plotter  to  generate 
four  color-separation  plates  (yellow,  cyan,  magen¬ 
ta  and  black)  at  1 :250,000  scale.  Each  pixel  was  re¬ 
produced  as  a  matrix  of  16  dots  to  reproduce  the 
desired  pattern  for  each  color.  Each  50-m  pixel 
was  plotted  at  200-gm  spot  size  to  achieve  the 
1:250,000  scale. 

The  color-separation  plates  were  registered  to 
the  base  map  and  used  to  prepare  the  Landsat  lith¬ 
ographs  by  a  color  additive  process.  The  final 
map,  "Vegetation  and  Land  Cover.  Arctic  Na¬ 
tional  Wildlife  Refuge,  Coastal  Plain,  Alaska." 
by  W.  Acevedo,  D  A.  Walker,  L.  Caydos,  and  J. 
Wray  is  available  from  the  U.S.  Geological  Survey 
as  Map  1-1443  and  is  included  in  this  report  as 
Plate  I. 

.-I  rea  summaries 

The  areas  covered  by  each  of  (he  12  map  cate¬ 
gories  were  calculated  using  a  counting  algorithm. 
Data  were  generated  for  the  areas  within  three  sets 
of  boundaries:  I)  the  entire  ANWR  study  area.  2) 
the  89  townships  within  the  study  area,  and  3)  the 
boundaries  of  the  regional  terrain  types  (see  the 
second  part  of  this  report,  which  describes  the  ma¬ 
jor  terrain  types).  This  was  accomplished  by  digi¬ 
tizing  the  respective  boundaries,  registering  the 
boundaries  to  the  Landsat  land  cover  map.  and 
applying  the  counting  algorithm.  The  area  sum¬ 
maries  were  calculated  prior  to  filtering  for  map 
generalization. 
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Simplified  land  cover  map 

A  more  generalized  map  was  prepared  at  the  re¬ 
quest  of  USFWS.  This  map  was  derived  from  an 
earlier  unfiltered  version  of  the  Landsat-derived 
land  cover  map,  which  contained  more  isolated 
pixels  than  appear  on  Plate  1.  Polygons  were 
drawn  around  large  areas  with  similar  dominant 
land  cover.  This  map  (Plate  2)  is  useful  as  input  to 
small-scale  regional  or  state-wide  mapping  pro¬ 
grams.  One  place  where  this  map  is  being  used  ef¬ 
fectively  is  in  the  1 :250, 000-scale  geographic  infor¬ 
mation  system  of  the  North  Slope  Borough.  Since 
the  map  information  is  in  polygon  format  instead 
of  pixels,  the  map  lends  itself  better  to  incorpora¬ 
tion  into  the  Integrated  Terrain  Unit  Mapping  ap¬ 
proach  that  the  Borough  is  using  (Environmental 
Systems  Research  Institute  1982). 

Results 

Land  cover  maps 

The  Landsat-derived  land  cover  map  (Plate  1) 
has  12  map  categories,  which  are  briefly  described 
in  the  map  legend  and  are  explained  more  fully  in 
Appendix  A.  Several  of  the  colors  represent  more 
than  one  land  cover  category.  For  example,  dark 
blue  represents  three  land  cover  types:  Pond/ 
Sedge  Tundra  Complex,  Aquatic  Tundra  or  shal¬ 
low  water.  In  most  cases  the  land  cover  types  with¬ 
in  a  single  map  category  are  not  radically  differ¬ 
ent.  The  exception  is  the  light-green  category  (Unit 
IV),  which  may  represent  Dry  Prostrate  Shrub, 
Forb  Tundra  (Dryas  river  terraces)  or  Moist/Wet 
Sedge  Tundra  Complex.  These  units  have  also 
proved  difficult  to  separate  in  Landsat  studies  in 
the  National  Petroleum  Reserve  in  Alaska.*  Pho¬ 
tographs  of  most  of  the  major  land  cover  units  are 
included  in  the  second  part  of  this  report. 

A  thorough  field  check  was  conducted  in  the 
summer  of  1982.  The  initial  impression  is  that  the 
map  is  very  accurate  and  that  there  are  no  major 
problems  with  the  classification.  A  full  report  of 
the  field  check  and  statistical  analysis  will  be  made 
separately. 

Area  summaries 

The  acreages  and  percentages  for  each  map  cat¬ 
egory  are  given  in  Appendix  B.  Table  B1  contains 
acreage  summaries  for  the  entire  ANWR  study 
area.  Table  B2  contains  the  data  for  each  terrain 
type.  The  sum  of  the  areas  for  all  map  categories 


’Personal  communication  with  Paula  Krebs,  Bureau  of  Land 
Management,  Anchorage,  Alaska. 


in  the  five  terrain  types  listed  in  Table  B2  is 
1,556,830  acres,  and  the  sum  for  all  map  categor¬ 
ies  in  Table  B1  is  1,640,626  acres.  The  difference 
of  83,796  acres  is  the  amount  of  ocean  within  the 
ANWR  study  area.  Table  B3  contains  the  data  for 
each  of  the  89  townships  within  the  study  area. 

Discussion 

We  see  an  urgent  need  for  tundra  map  legends 
that  are  compatible  at  large  and  small  scales;  the 
ultimate  goal  is  a  comprehensive  mapping  system 
that  can  be  used  both  for  the  broad  picture  and  for 
detailed  site-specific  studies. 

In  the  past  ten  years  we  have  mapped  many 
areas  of  the  Alaskan  Arctic  Coastal  Plain  and 
have  experimented  with  various  map  legends,  pri¬ 
marily  at  the  scale  of  1 :6000  (Walker  1977,  Walker 
and  Webber  1980,  Walker  et  al.  1980,  Sohio  Pet¬ 
roleum  Co.  1981).  The  mapping  system  described 
here  has  been  designed  to  provide  vegetation  in¬ 
formation  for  composite  mapping  approaches 
such  as  geobotanical  master  maps  (Everett  et  al. 
1978,  Walker  et  al.  1980)  or  the  integrated  Terrain 
Unit  mapping  approach  (Environmental  Systems 
Research  Institute  1982),  where  additional  charac¬ 
teristics  of  the  landscape,  such  as  soils,  landforms 
and  slopes,  are  also  mapped.  Our  system  has  the 
advantage  that  it  contains  only  vegetation  infor¬ 
mation  and  is  independent  of  soil,  landform, 
altitude,  etc.  Purists  may  want  to  separate  the  site- 
moisture  descriptor,  since  this  is  a  characteristic  of 
the  site;  this  is  easy  to  do  because  it  always  appears 
in  the  same  part  of  the  vegetation  titles. 

Plentiful  detailed  ground  reference  data  are  the 
key  to  the  success  of  any  Landsat  mapping  pro¬ 
gram.  The  mapping  system  and  legend  described 
here  is  a  “from-the-ground-up”  approach,  with 
its  foundation  in  very  detailed  mapping  programs 
that  rely  on  large  amounts  of  accurate  ground  re¬ 
ference  data  (Walker  et  al.  1980,  Walker  and 
Webber  1980). 

Vegetation  classification  in  Alaska  is  in  a  state 
of  healthy  turmoil.  Several  schemes  are  currently 
being  applied  to  Alaskan  tundra.  Probably  none 
of  these  will  gain  universal  acceptance,  but  it  is 
safe  to  say  that  they  will  all  contribute  in  some 
way  to  a  final  statewide  system.  The  current  lack 
of  a  classification  applicable  to  all  Alaskan  arctic 
tundra  has  prompted  the  development  of  the  sys¬ 
tem  described  here.  However,  our  system  adds  to 
the  profusion  of  mapping  approaches.  Appendix 
C  cross-references  this  system  to  six  other  major 
systems,  showing  the  equivalent  units  in  two  other 
remote-sensor  land  cover  classifications  (Ander¬ 
son  et  al.  1976,  Nodler  and  LaPerriere  1977),  two 
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wetland  classifications  (Bergman  et  al.  1977,  Cow- 
.11  din  et  al.  1979)  and  two  vegetation  classifica¬ 
tions  (Vicreck  et  al.  1981,  UNESCO  1973). 

The  ANWR  mapping  pioject  was  perfectly  suit¬ 
ed  lot  the  application  of  modern  technology  using 
1  andsat  multispectral  scanner  data  and  advanced 
cartographic  techniques.  A  high-quality,  publisha¬ 
ble  map  of  the  ANWR  study  area  was  produced 
within  eight  months  of  the  beginning  of  the  pio¬ 
ject.  The  map  is  a  valuable  reference  for  evaluat¬ 
ing  the  potential  impact  of  seismic  operations 
within  the  wildlife  refuge.  The  results  can  also  be 
used  as  a  basi->  for  more  detailed  habitat  studies. 
Since  the  data  are  in  digital  format,  the  map  can 
be  easily  used  in  geographic  information  systems. 
The  area  measurements  are  most  useful  for  the  en¬ 
vironmental  descriptions  of  the  major  terrain 
types,  and  will  also  be  useful  for  future  studies 
within  township-sized  areas. 

The  current  legend  system  is  still  being  perfect¬ 
ed,  but  it  answers  an  immediate  need  lot  a  lundia 
classification  by  meeting  (he  following  criteria: 

1)  The  system  is  applicable  to  both  large-  and 
small-scale  mapping. 

2)  It  consistently  applies  the  same  criteria  to  all 
community  names. 

3)  It  has  a  consistent  method  of  naming  vegeta¬ 
tion  complexes. 

4)  It  is  well  suited  for  specific  application  to 
Landsat  multispectral  scanner  data. 


DESCRIPTION  OF  THE 
ANWR  STUDY  AREA 

General  description 

Physiography 

The  study  area  covers  5700  kmJ  of  the  Arctic 
Slope  north  of  69°34  '.  It  lies  between  the  Canning 
and  Aichilik  rivers  (142- 146  °W),  and  is  contained 
within  the  White  Hills  section  of  the  Arctic  Coast¬ 
al  Plain  physiographic  province  defined  by  Wahr- 
haftig(!965).  The  terrain  is,  for  the  most  part,  hilly 
and  dissected  by  numerous  streams  that  originate 
in  the  Sadlerochii,  Romanzof  and  Franklin  moun¬ 
tains  of  the  Brooks  Range. 

The  coastal  area  includes  a  chain  of  barrier  is¬ 
lands  that  form  the  seaward  limit  of  the  ANWR 
study  area.  The  coastline  itself  is  irregular  and 
contains  many  small  bays,  lagoons  and  spits.  Ex¬ 
tensive  mud  flats  are  associated  with  the  Canning, 
Hulahula,  Okpilak  and  Jago  deltas.  Most  of  the 
coastline  is  low  lying,  with  only  small  bluffs  less 
than  3  m  high.  At  Camden  Bay,  where  the  land 


rises  mote  steeply  from  the  sea,  there  are  bluffs  up 
to  8  nt  high. 

Along  the  coast  there  are  small  areas  of  flat 
coastal  plain  with  oriented  thaw  lakes  similai  to 
the  terrain  of  the  Teshekpuk  Lake  section  in  the 
western  pari  of  the  Arctic  Coastal  Plain  (Walu- 
haltig  1965).  Most  of  the  coastal  plain  within 
ANWR  is  gently  tolling,  with  many  small  lakes 
and  wet  terrain  mixed  w  ith  small  areas  of  uplands. 
Stream  drainage  patterns  in  the  hilly  coastal  plains 
ate  bettei  developed  than  in  the  flat  thaw-lake 
plains,  and  the  lake  basins  are  contained  between 
intervening  small  tidges  and  terrain  irregularities. 
Hilly  coastal-plain  terrain  is  common  between  the 
Hulahula  River  and  Pokok  Bay,  and  stretches  lot 
about  35  km  inland,  where  the  true  foothills  be¬ 
gin. 

The  foothills  occur  west  of  the  Hulahula  River 
to  the  Canning  and  extend  across  the  entire  south¬ 
ern  portion  of  the  study  area,  with  maximum  ele¬ 
vations  of  about  360  m.  A  small  amount  of  moun¬ 
tainous  terrain,  reaching  an  elevation  of  975  in, 
occurs  in  the  vicinity  of  Sadlerochit  Spring. 

There  are  many  river  systems.  The  Canning, 
famavariak,  Katakturuk,  Sadlerochit,  Hulahula, 
lago  and  Aichilik  rivers  have  braided  drainages 
and  deltas  that  collectively  cover  a  large  portion  of 
the  ANWR  study  area. 

Climate 

The  only  regularly  collected  climatic  data  within 
the  study  area  are  from  Barter  Island  (Table  2). 
This  station  lies  within  a  belt  of  strong  coastal  in¬ 
fluence.  In  summer  it  has  fog  about  25%  of  the 
lime,  and  (he  mean  July  temperature  is  only  about 
5°C.  These  conditions  only  occur  in  a  small  por¬ 
tion  of  the  study  area,  however.  The  inland  por¬ 
tions  experience  higher  summer  temperatures; 
however,  our  observations  during  1981  indicate 
that  the  inland  areas  are  somewhat  colder  and  wet¬ 
ter  than  areas  at  a  similar  distance  from  the  sea  in 
the  Prudhoc  Bay  region  (Haugen  and  Brown 
1980),  probably  because  of  the  higher  elevations  in 
ANWR. 

Soils 

Nearly  the  entire  study  area  falls  within  the 
Coastal  Plain  Land  Resource  Region  defined  in 
the  Exploratory  Soil  Survey  of  Alaska  (Rieger  el 
al.  1979).  Within  this  region  the  survey  recognized 
two  soil  associations  (i.e.  “segments  of  the  land¬ 
scape  with  distinctive  topographic  and  soil  pat¬ 
terns”);  1)  Pergelic  Cryaquolls-Histic  Pergelic 
Cryaquepls,  with  loamy-lexturcd  mineral  compo¬ 
nents  occurring  on  nearly  level  to  rolling  lopogra- 


Table  2.  Temperature,  wind  and  precipitation  data  for  Barter 
Island,  Alaska  (70°08'N,  I4335W,  12  m  elevation).  (From 
Searb)  |1968|  and  Brower  et  ai.  |1977|.) 
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The  only  regional  soil  surveys  for  areas  north  of 
the  Brooks  Range  are  those  describing  the  Prud- 
hoe  Bay  production  area  and  the  Ogotoruk  Creek 
watershed  (Holowayehuk  et  al.  1966,  Everett 
1980b.  Everett  and  Brown  1982).  Brown  (1962, 
1966,  1969)  developed  a  soils  and  landform  map 
for  approximately  19  km'  in  the  Okpilak  River 
area  and  described  soils  between  the  Jago  and  Hu- 
lahula  rivers.  In  general  the  soils  of  the  flat  thaw- 
lake  plains  are  similar  to  those  described  for  the 
Prudhoe  Bay  region  (Everett  and  Parkinson  1977, 
Parkinson  1978,  Everett  1980b)  and  Barrow 
(Drew  1957,  Drew  and  Tedrow  1957,  1961,  Ger- 
sper  et  al.  1980).  The  soils  of  the  Arctic  Foothills 
have  been  described  in  detail  by  Tedrow  (1977) 
and  Everett  (1981).  In  the  route  selection  studies 
for  the  Alaskan  Arctic  Gas  Study  Company  in 
1974,  Janz  (Hettinger  and  Janz  1974)  described 
several  soils  from  the  foothills  near  the  Kongakut, 
Aichilik  and  Okerokovik  rivers  and  from  the 
flood  plain  of  the  Canning  River. 


’The  soil  terminology  follows  the  U.S.  Soil  Taxonomy  (Soil 
Survey  Staff  1975).  Appendix  1>  gives  a  brief  explanation  of 
this  system. 


Vegetation 

The  general  character  of  Alaskan  arctic  vegeta¬ 
tion  has  been  thoroughly  described  by  Britton 
(1957),  Spetzman  (1959)  and  Wiggins  and  Thomas 
(1962).  The  Arctic  Foothills  and  Arctic  Coastal 
Plain  of  northern  Alaska  are  in  the  Tundra  region 
of  the  Arctic  as  defined  by  Aleksandrova  (1980). 
In  this  region,  mesic  habitats  are  mostly  complete¬ 
ly  covered  with  low-growing  plants,  such  as 
sedges,  grasses,  mosses,  lichens,  small  herbs  and 
dwarf  shrubs.  Taller  shrubs  are  restricted  to  areas 
with  protected  southern  exposures,  where  the 
amount  of  solar  radiation  is  maximized.  On  the 
l:2,500,000-scale  major-ecosystem  map  of  Alaska 
(Joint  Federal-State  Land  Use  Planning  Commis¬ 
sion  for  Alaska  1973)  most  of  the  study  area  is 
mapped  as  Moist  Tundra,  with  several  small  areas 
dominated  by  Wet  Tundra  and  with  High  Shrub 
occurring  along  the  streams. 

Detailed  vegetation  studies  in  the  Arctic  Coastal 
Plain  of  Alaska  include  those  at  Barrow  (Tieszen 
1978,  Brown  et  al.  1980),  Fish  Creek  (Lawson  et 
al.  1978),  Atkasook  (Komdrkovd  and  Webber 
1980)  and  Prudhoe  Bay  (Walker  et  al.  1980.  Walk¬ 
er  1981).  Major  studies  in  the  foothills  include 
those  at  Franklin  Bluffs  (Koranda  1960),  Umiat 
(Churchill  1955),  Cape  Thompson  (Johnson  et  al. 
1966)  and  the  Seward  Peninsula  (Sigafoos  1952, 
Racine  1975,  Racine  and  Anderson  1979).  Vegeta¬ 
tion  on  arctic  flood  plains  has  been  described  by 
Bliss  and  Cantlon  (1957)  and  Spetzman  (1959). 
There  are  also  a  few  vegetation  studies  from 
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within  the  ANWR  study  area  (Nodler  and  LaPer-  (Table  B2 )  and  observations  from  other  similar 

riere  1977,  Oldemeyer  et  al.  1978,  Murray  1980,  areas  in  northern  Alaska. 

Machilda  and  Oldemeyer  1980,  Weiler  1980,  Appendix  E  summarizes  the  dominant  land  cov- 

Meyers  1981,  Robus  1981).  Much  of  the  recent  er  units,  landforms,  soils  and  vegetation  terrain 

work  in  ANWR  is  related  to  USFWS  habitat  stud-  types.  The  table,  which  can  be  used  to  compare 

ies  for  caribou,  muskox  and  waterfowl.  The  most  regions,  condenses  much  of  the  information  pre- 

extensive  work  from  within  the  study  area  is  that  sented  here,  it  also  contains  more  specific  infor- 

of  Hettinger  (Hettinger  and  Janz  1974),  who  de-  mation  about  the  dominant  plant  communities 

scribed  several  vegetation  types  in  the  foothills  within  the  various  land  cover  units, 

near  the  Aichilik  and  Kongakut  rivers  and  along 

the  Canning  River  as  part  of  the  biological  studies  Flat  thaw-lake  plains 

of  the  proposed  Arctic  Gas  Pipeline  route.  Landforms  and  soils.  The  proximity  of  the  Ro- 

manzof  and  Sadlerochit  mountains  to  the  coast  re- 
Descriptions  of  specific  suits  in  a  much  narrower  coastal  plain  than  is 

terrain  types  found  farther  west,  such  as  along  the  Trans- 

Within  the  ANWR  study  area,  there  are  five  Alaska  Pipeline  and  in  the  National  Petroleum 

major  terrain  types  that  can  be  defined  on  the  ba-  Reserve  in  Alaska.  In  ANWR,  typical  coastal- 

sis  of  dominant  landforms:  flat  thaw-lake  plains,  plain  topography,  with  large,  oriented  thaw  lakes, 

hilly  coastal  plains,  foothills,  mountainous  terrain  drained-lake  basins  and  expanses  of  low-centered 

and  river  flood  plains.  These  are  treated  as  distinct  ice-wedge  polygons,  is  found  only  in  a  few  small 

ecological  entities  with  representative  suites  of  areas,  primarily  near  the  flat,  braided  deltas  of 

landforms,  soils  and  vegetation.  The  boundaries  rivers  (Fig.  4).  This  topography  is  best  developed 

of  the  terrain  types  (Fig.  2)  were  drawn  from  a  in  the  delta  of  the  Canning  River  and  for  some 

base  consisting  of  a  combination  of  the  Landsat-  12-15  km  eastward  in  a  narrow  coastal  belt,  as 

derived  land  cover  map  (Plate  1)  and  the  USGS  well  as  in  a  small  area  southwest  of  Barter  Island. 

1:250 ,000-scale  topographic  maps.  The  primary  Flat  thaw-lake  plains  compose  only  about  3%  of 

landforms  are  easy  to  interpret  on  1 :60,000-scale  the  study  area. 

aerial  photographs.  The  following  geobotanical  The  thaw-lake  plains  appear  to  be  remnants  of  a 

summaries  are  based  on  the  field  work  during  plain  that  was  once  more  extensive.  They  are  topo- 

August  1981,  the  results  of  the  planimetry  analysis  graphically  similar  to  the  plains  east  of  the  Can- 


Figure  4.  Flat  thaw-lake  terrain  in  the  delta  of  the  Canning  River.  The  lakes 
here  show  only  weak  orientation. 


f  igure  7.  Unit  III.  HW  Sedge  Tundra.  The  areas  between  lakes  and  ponds  are 
mostly  wet  sedge  tundra.  The  entire  urea  is  contained  within  a  targe,  partially  drained 
lake  basin  with  disjunct  rims  and  strung  Teat  ares.  The  interpond  areas  contain  about 
yi%  moist  tundra  on  the  strongs  anil  higher  nncrosites. 


ning  River,  being  composed  of  more  than  30^0 
water,  mostly  in  small  (generally  <260  ha),  shal¬ 
low,  elliptical,  oriented  lakes.  The  areas  between 
the  lakes  are  poorly  drained  as  a  result  of  a  very 
low  surface  hydrologic  gradient  and  a  thin  active 
layer.  Some  microrelief  is  nearly  always  present, 
usually  in  the  form  of  low-centered  nonorthogon- 
al  polygons,  strangmoor  or  low-centered  polygons 
with  pond  complexes  (Fig.  5). 

The  area  is  underlain  by  ice-rich  permafrost  at 
depths  of  about  40  cm.  Except  for  polygon  rims 
and  slightly  elevated  microsites,  the  perched  water 
table  is  very  close  to  or  slightly  above  the  soil  sur¬ 
face  for  most  or  all  of  the  thaw  period.  Fibrous 
Histic  Pergelic  Cryaquepts  (Fig.  6)  or  occasionally 
Ffistic  Pergelic  Cryaquolls  and  Pergelic  Crya¬ 
quepts  are  common  in  the  wet  and  very  wet  areas. 
Pergelic  Cryaquolls  occur  on  the  mesic  polygon 
rims.  The  soils  are  mostly  neutral  to  slightly  alka¬ 
line,  even  the  saline  fibrous  Histic  Pergelic  Crya¬ 
quepts  and  Cryohemists  along  the  coast. 

Vegetation.  The  vegetation  of  the  thaw-lake 
plains  is  similar  to  that  described  at  Barrow  (Brit¬ 
ton  1957,  Walker  1977,  Tieszen  1978,  Brown  et  al. 
1980),  Atkasook  (Komdrkovd  and  Webber  1980), 
Fish  Creek  (Lawson  et  al.  1978)  and  Prudhoe  Bay 
(Webber  and  Walker  1975,  Walker  et  al.  1980, 
Walker  1981).  The  dominant  Landsat  map  cate¬ 
gories  (Plate  1,  App.  A)  are  Wet  Sedge  Tundra 


(46^0  cover)  (Fig.  7,  Land  Cover  Unit  111),  Water 
( 1 9 . 5 Wo  cover),  Moist/Wet  Sedge  Tundra  Com¬ 
plex  ( 1 2.6W0  cover)  (Figs.  8  and  9,  Land  Cover 
Unit  IV),  Aquatic  Tundra  and  Pond/Sedge  Tun¬ 
dra  Complex  (8.4°7o  cover)  (Figs.  10  and  1 1 ,  Land- 
Cover  Unit  11).  Elevation  differences  of  less  than 
0.5  m  are  major  influences  on  the  distribution  of 
communities.  Microtopography  associated  with 
the  rims,  basins  and  troughs  of  ice-wedge  poly¬ 
gons  creates  distinct  patterns  of  plant  communi¬ 
ties  (Wiggins  1951,  Britton  1957,  Cantlon  1961, 
Walker  1981). 

The  patterns  of  plant  succession  in  the  flat 
thaw-lake  plains  are  intimately  linked  to  the  ori¬ 
ented  thaw-lake  cycle  (Flopkins  1949,  Britton 
1957,  Carson  and  Flussey  1962,  Billings  and  Peter¬ 
son  1980,  Everett  1980a).  Although  much  has 
been  written  about  thaw-lake  mechanisms,  the  cy¬ 
cle  and  successional  patterns  are  still  incompletely 
understood  (Mackay  1963).  Probably  the  biggest 
questions  concern  the  time  scale,  i.e.  how  long  the 
cycle  takes  to  operate  and  how  long  the  present, 
wet,  coastal-plain  environment  has  existed. 

A  steep  summer  temperature  gradient  is  of  pri¬ 
mary  importance  with  respect  to  vegetation  near 
the  coast.  Data  from  Prudhoe  Bay  and  the  Trans- 
Alaska  Pipeline  show  that  (he  mean  July  tempera¬ 
tures  at  the  coast  are  within  a  few  degrees  of  freez¬ 
ing  due  to  the  ice-covered  Beaufort  Sea.  More 


Figure  8.  Unit  II  it.  Moist  H  er  Sedge  Tundra  Complex.  In  the  example  tin 
complex  consists  of  about  equal  parts  wet  and  moist  tundra. 


Figure  9.  Ground  view  of  Moist  /Her  Sedge  Tundra  Complex.  The  relatively 
well  drained  area  in  the  foreground  has  a  diverse  flora  with  sedges,  prostrate  willows, 
herbs  and  lichens,  while  the  wetter  areas  ( the  darker  patches  with  coitongrass )  have 
mainly  sedges  and  mosses. 


fixture  II).  L  uu  I hi.  Pond  Sedite  Tundra  Complex.  1  ln\  example  slums  pond 
and  at/uaue  communities  in  die  basins  <d  hnx --i  entered  polygons.  and  \lmsi  Sedge 
Prostrate  Shiah  Tundra  on  die  polygon  runs. 


Figure  II.  Unit  III),  Aquatic  Tundra.  The  circular  clumps  oj  xegeiution  are  mainly 
aquatic  sedge  (C'arcx  aqua(ilix).  The  darker  areas  between  clumps  are  pendant  grass 
(Arclophila  fulva). 


I  is; lire  12.  L'nit  Uhl.  It 'cl  Sedge  Tundra  (saline  facies).  This  area  m  tlw  della  <</ 
l he  Kulak  land  Kiver  is  dominated  In  Ho/i/mer  sedue  (Cares  suhspathuccul  and  creep¬ 
ing  alkali  grass  (Puccincllia  phrsganodcsl.  I  he  sods  are  saline  f Italic  Ihsiie  I’erue/n 
C  ryatpiepls). 


moderate  temperatures  are  found  inland  (Conover 
1960,  Cantlon  1961,  Haugen  and  Brown  1980, 
Walker  1981).  Low  summer  temperatures  and  low 
levels  of  summer  solar  radiation  associated  with 
coastal  fog  are  primarily  responsible  for  a  distinc¬ 
tive  band  of  coastal  vegetation  that  has  few  shrub 
species,  limited  tussock  formation,  reduced  moss 
and  lichen  growth,  and  fewer  species  in  the  total 
flora  (Cantlon  1961,  Clebsch  and  Shanks  1968, 
Walker  1981).  This  band  of  coastal  tundra,  which 
Cantlon  (1961)  termed  “littoral  tundra,”  lies 
north  of  the  7°C  mean  July  isotherm.  Worldwide, 
this  zone  is  equivalent  to  the  arctic  subregion  of 
Aleksandrova’s  (1980)  Tundra  region.  Near  Bar- 
row  the  coastal  strip  is  about  100  km  wide;  at 
Prudhoe  Bay  it  is  about  25  km  wide.  Within 
ANWR  the  littoral  band  and  the  coastal  plain  in 
general  are  narrower,  and  the  coastal  temperature 
gradient  is  more  compressed. 

Along  the  northern  limit  of  the  littoral  tundra 
band,  there  is  a  narrow  strip  of  vegetation  that  is 
associated  with  the  saline  soils  found  immediately 
adjacent  to  the  coast.  This  area  is  affected  by 
wind-blown  salt  spray  and  occasional  storm  surges 
that  flood  large  areas  of  inland  tundra.  Taylor 
(1981)  divided  this  shoreline  vegetation  into  six 
habitat  types;  tidal  salt  marsh  (Fig.  12),  upper- 
siorm-zone  salt  marsh,  gravelly  beach,  raised 
bench,  coastal  dunes  and  coastal  bluffs.  Coastal 


vegetation  in  northern  Alaska  has  been  described 
by  Jefferies  (1977),  Taylor  (1981)  and  Walker 
(1981).  Within  ANWR  it  has  been  studied  by  Mey¬ 
ers  (1981)  in  the  Beaufort  Lagoon  area. 

The  immediate  coastal  areas  are  characterized 
by  sand  and  grave)  beaches,  spits  and  bars.  These 
features  compose  only  a  small  percentage  of  the 
study  area  but  are  locally  important  for  the  nu¬ 
merous  birds  that  use  them.  Vegetation  is  sparse 
due  to  the  very  unstable  substrate.  A  few  species, 
such  as  sea  purslane  (Honckenya  peploides ), 
oyster  leaf  ( Meriensia  marl  lima)  and  common 
scurvy  grass  ( Cochlearia  officinalis),  grow  on 
slightly  protected  beach  gravels.  Barter  Island  is 
mostly  covered  with  tundra,  which  is  a  remnant 
from  when  the  island  was  part  of  the  mainland. 
The  other  islands,  however,  are  barrier  islands 
that  were  never  part  of  the  mainland. 

Hilly  coastal  plains 

Landforms  and  soils.  Hilly  coastal  plains  cover 
22%  of  the  study  area.  Stretching  inland  between 
the  Hulahula  and  Jago  rivers  is  a  complex  region 
of  gently  undulating  tundra  with  small  thaw  lakes 
and  pond  complexes.  This  area  is  quite  different 
from  the  flat  coastal  plains.  Stream  drainages  are 
better  defined,  and  large  expanses  of  well-drained 
terrain  border  many  of  the  streams. 

East  of  the  Hulahula  River,  particularly  be- 


I'ifture  /?.  I  crneal  aerial  photograph  (scute  I:  IS,  000)  of  gently  ro/liin :  c<>asra/-/’lain  tenant  in  the  vtctmte  at 
the  \it!Uiinak  River,  southeast  of  Harter  Island,  Xumerous  upland  surfaces  arc  oriental  in  an  cast  west  direction;  the 
relic/  associated  with  these  features  is  less  than  10  in.  Xoie  the  lariie  number  of  ihcrinokarsi  pus  on  the  upland  sm  nu  cs.  in 
them mv  lush  amounts  of  around  ice.  tl  SI  II  S  photo.  5  t uimsi  /v,v/.  I’hoto  no.  I  II  S  SI  I S  v  Is  S ~  / 


tween  the  Okpilak  and  Jago  rivers  and  between 
the  Niguanak  and  Sikrelurak  rivers  (Plate  I),  there 
are  many  slightly  elevated  ridges  and  depressions 
that  parallel  the  coast  (Pig.  1?);  most  have  less 
than  10  m  of  relief  contrast.  The  origin  of  these 
ridges  is  uncertain.  On  aerial  photographs  they  ap¬ 
pear  to  be  either  dunes  or  beach  terraces  from  past 
marine  transgressions.  In  1982  a  brief  check  of 
these  features  showed  that  they  contain  gravelly 
soils,  so  they  could  not  be  dunes.  They  may  be  ex¬ 
pressions  of  the  underlying  geologic  stratigraphy, 
as  are  those  found  in  the  foothills.  The  ridges  oc¬ 
cur  up  to  elevations  of  200  m  on  the  northern 
Hank  of  the  foothills.  Plat  areas  between  the 
ridges  contain  complexes  of  wet  and  moist  tundra 
associated  with  poorly  developed  ice-wedge 
polygons. 

Some  areas,  such  as  those  along  the  western  side 
of  the  Niguanak  River  and  in  the  coastal  area  just 
south  of  Pokok  Bay,  have  hillier  terrain  with  well- 
developed  drainages.  The  vegetation  and  land- 
forms  closely  resemble  those  of  the  foothills  (de¬ 
scribed  in  the  next  section),  except  that  the  hills 
are  less  steep  and  thermokarst  pits  are  more  exten¬ 
sive  on  the  broad  hill  crests.  Elevations  in  the  re¬ 
gion  rise  gradually  from  near  30  m  to  about  100 
m. 

The  soils  on  the  ridges  and  gently  sloping  areas 
are  similar  to  those  in  the  foothills  terrain  type. 


while  soils  in  the  depressions  resemble  those  of  the 
flat  thaw -lake  plains.  The  gently  sloping  (5°'o  or 
less)  interfluves  mostly  have  moist  tussock  tundra 
with  flat-centered  polygons.  Pros!  scars  occupy  up 
to  30%  of  most  surfaces  and  have  Pergelic  Crya- 
quept  soils  with  loam  and  fine  sandy  loam  tex¬ 
tures.  The  soils  between  the  frost  scars  are  Pergelic 
Cryaquolls.  commonly  with  1-12  cm  of  sapric,  or¬ 
ganic-rich  material  as  a  surface  hori/on  overlying 
mineral  soil  with  a  loam,  or  occasionally  a  silt 
loam,  texture.  In  August  the  active  layer  is  35-45 
cm  deep.  A  water  table  does  not  develop  in  the 
polygon  centers  but  may  develop  in  the  narrow 
troughs  between  polygons,  where  the  soils  are  (fib- 
ric)  Histic  Pergelic  Cryaquepts. 

Vegetation.  The  vegetation,  like  the  landforms 
and  soils,  is  a  mix  of  that  of  the  Hat  thaw-lake 
plains  and  that  of  the  foothills.  The  vegetation  on 
the  low  ridges  is  mainly  moist  sedge  tundra  that 
may  or  may  not  contain  cottongrass  tussocks.  The 
dominant  land  cover  categories  (App.  A)  are 
Moist  Sedge,  Prostrate  Shrub  Tundra  and  Moist 
Sedge/Barren  Tundra  Complex  (Land  Cover  Unit 
V).  The  latter  category  is  associated  mainly  with 
frost-scar  terrain  (Fig.  14,  Land  Cover  Unit  Vb). 
This  unit  covers  37.6%  of  the  hilly  coastal  plain. 
Moist/Wet  Sedge  Tundra  Complex  is  also  im¬ 
portant,  covering  33.5%  of  the  hilly  coastal 


figure  14.  Unit  t  h.  Moist  Sedge '  Barren  Tundra  Complex  (J'rosi-scar  tundra). 
This  is  a  typical  frost-scar  area  on  a  penile  slope.  ,\ote  the  lack  of coitongrass  tussocks 
and  dwarf  shrubs.  The  vegetation  bet  ween  frost  scars  consists  mainly  of  Bigelow  \  sedge 
(Cares  bigclowii),  arctic  avens  (Dryas  inlcgrifolia).  wide-leafed  arctagrosns  (Arcla- 
grostis  latifolia),  the  moss  Tomenthypnum  nitens  and  numerous  frultcose  lichens. 
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I  italic  16.  Discontinuous  gravel  oun  ro/>  in  the  foothills. 
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figure  19.  Unit  l  lie.  Moist  Seethe  Tussock ,  Dwarf  Shrub  M  et  Dwarf  Shrub 
Tundra  Complex  I  Water  track  complex).  The  drainage  channels  are  dominated  In 
dwarf  shrubs,  mainly  diamond-leafed  willow  (Salix  planifoliu  ss/>.  pulchra )  and  dwarf 
birch  (Bel ula  nana  v.y>.  cxilis). 


posed  with  patternless  areas,  strangmoor  and  low- 
centered  polygons.  Thermokarst  pits  are  common 
and  indicate  substantial  amounts  of  wedge  ice. 
The  better-drained  elements  of  the  hill  crests  have 
Pergelic  Cryaquolls  or  Histic  Cryaquolls  with  he¬ 
mic-  or  sapric-textured  organic  horizons  overlying 
dark-colored,  organic-rich  mineral  material. 
Cryaquepts  occur  in  frost  scars,  which  may  oc¬ 
cupy  up  to  40%  of  the  surface.  Mineral  horizons 
of  both  soils  are  loams  or  fine  sandy  loams  with 
variable  amounts  of  pebbles.  The  active  layer 
ranges  from  about  30  cm  thick  beneath  the 
Aquolls  to  more  than  60  cm  thick  beneath  the 
Aquepts.  A  water  table  is  absent  or  well  below  the 
surface.  The  wet  areas  commonly  have  Histic 
(>20  cm  of  fibrous  organic  material)  Pergelic 
Cryaquolls  or,  if  the  colors  and  organic  carbon 
content  below  the  histic  epipedon  do  not  conform 
to  the  criteria  for  a  mollic  epipedon,  Histic  Crya¬ 
quepts.  In  either  case  a  water  table  occurs  at  or 
above  the  surface,  and  the  active  layer  is  between 
40  and  45  cm  deep.  In  the  wettest  areas  there  is 
enough  buoyancy  in  the  fibrous,  organic,  root- 
rich  mat  so  that  its  true  thickness  is  difficult  to  de¬ 
termine. 

The  hill  slopes  are  generally  greater  than  5% 
and  are  covered  with  cottongrass  tussocks.  Areas 
referred  to  as  water  tracks  (or  “horsetail  drain¬ 
ages”  [Cantlon  1961])  are  shallow  channels  that 


conduct  snow  meltwater  and  subsurface  water 
during  the  thaw  season.  Parallel  and  sub-parallel 
water  tracks  are  commonly  present,  giving  the 
topography  a  ribbed  appearance  (Fig.  19).  Strang¬ 
moor  is  often  found  in  the  channels,  suggesting 
slow  mass  movement  of  the  saturated  soil.  Wil¬ 
lows  and  birches  are  concentrated  in  these  fea¬ 
tures.  The  inter-water-track  areas  are  tens  to  hun¬ 
dreds  of  meters  wide,  with  relief  from  0.15  to  1  m 
above  the  track.  The  water  track  portion  of  the 
slope  presents  a  relatively  smooth  and  graded 
cross  section.  Polygonal  outlines  are  usually  not 
apparent,  although  ice  wedges  may  still  be  exten¬ 
sive  beneath  the  slopes.  The  soils  are  Pergelic  Cry¬ 
aquolls  or  Pergelic  and  Histic  Pergelic  Cryaquepts 
(Fig.  20).  In  most  cases,  4-15  cm  of  Hemic  cr  Sap- 
ric  organic  matter  overlie  mineral  material,  which 
is  often  mixed  with  organic  materials.  The  active 
layer  thicknesses  range  from  30  to  50  cm.  The 
presence  of  a  water  table  is  uncommon.  Within 
the  water  tracks,  Histic  Pergelic  Cryaquepts  are 
the  most  common  soils.  The  active  layer  depths 
range  from  40  to  50  cm,  and  a  water  table  is  al¬ 
most  always  present,  commonly  within  10  cm  of 
the  surface. 

Frost  scars  are  almost  always  a  component  of 
tussock  tundra  and  can  compose  up  to  50%  of  a 
given  surface,  with  anywhere  from  a  few  percent 
to  75%  showing  some  activity  (i.e.  having  bare 
mineral  soil  exposed).  Where  slope  breaks  occur. 


/  idlin’  20.  Soil',  <>l  iht'  inner  i ruck  arcus  shottiiii:  a  eoni/>fe\ paion  tcsdiuliile 
the  tussock  c/cuicntl  n/’icu/  of  such  terrain  (Perne/ic  (  run/uo/f.  left ;  f ‘credit 
( 'ryuquept.  center ;  unif  llislic  P credit  (  ryui/uoll.  nelii/. 


I  inure  21.  f  rost-scar  terrain  in  the  foothills. 


both  ihe  density  and  the  activity  of  frost  scars 
commonly  increase  (Fig.  21);  in  these  cases 
65-800'o  of  the  surface  may  be  composed  of  active 
frost  scars.  Frost-scar  soils  (Fig.  22)  arc  composed 
of  grayish  brown,  usually  mottled,  sandy-textured 
mineral  material.  Under  the  present  taxonomic 
system,  the  soil  pedon  is  considered  a  Ruptic- 
Aqueptic  C'ryaquoll, 


Where  bedrock  is  very  close  to  the  surface,  as 
shown  in  Figure  16.  frost  scars  and  or  patterned 
barren  gravel  may  compose  7()-80"o  of  the  sur¬ 
face.  Because  these  surfaces  are  exposed,  snow 
cover  is  thin  or  absent,  and  abrasion  by  blowing 
snow  may  be  severe.  However,  well-developed 
soils  may  occur  beneath  stable  microsites.  The 
soils  are  Pergelic  (lithic)  C'ryumbrepts  if  sufficient 
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I  inure  22.  Common  soil  pedon  consist  inn  of  Pernche 
Cryut/uept  and  Histic  Panel  ic  Crvai/uoll.  Hie  soil  com¬ 
plex  is  designated  Rupnc-lnnc  Hone  Pergelic  Cryaquoll. 


organic  matter  is  present  or  Pergelic  (lit hie)  Cryo- 
chrepts  if  it  is  not.  The  active  layer  is  greater  than 
I  ni  deep,  and  ice  volumes  are  generally  low. 

Solifluction  forms,  such  as  discontinuous  stripes 
of  frost  scars  or  lobes,  are  common  downslope 
from  some  outcrops  and  where  slope  breaks  exceed 
7-10ro.  This  is  due  principally  to  the  water  addgd 
by  melting  snowbanks.  Microrelief  is  relatively 
great.  The  high  moisture  environment  and  the  mi¬ 
crorelief  make  such  areas  quite  susceptible  to  ve¬ 
hicular  impacts. 

I  egetation.  The  vegetation  in  the  foothills  is 
predominantly  Moist  SedgeTussock,  Dwarf  Shrub 
Tundra  (Fig.  23  and  24,  Land  Cover  Unit  VI), 
which  covers  53. 8°'o  of  the  foothills  terrain  type. 
In  some  areas  shrubs  are  dominant  and  the  land 
cover  class  is  Moist  Dwarf  Shrub,  Sedge  Tussock 
Tundra  (Fig.  25,  Land  Cover  Unit  Vila). 

The  vegetation  in  water  tracks  is  often  domi¬ 
nated  by  dwarf  shrubs,  mainly  dwarf  birch  (Hem  la 
nana)  and  diamond-lcaled  willow  (Salix  pluni  folia 
ssp.  pulchra).  Land  cover  within  water  track  com¬ 
plexes  is  generally  classed  as  Moist  Sedge  Tussock, 
Dwarf  Shrub/Wet  Dwarf  Shrub  Tundra  Complex 
(water  track  complex)  (Land  Cover  Unit  Vile).  A 


tew  steep,  mainly  south-lacing  slopes  have  well- 
developed  Shrub  Tundra  (Fig.  2b.  I  and  Covet 
Unit  VIII).  Dense  shrubs  with  a  sedge  undei story 
grow  along  many  stream  margins. 

Tussock  tundra  can  have  a  bewildering  array  of 
subtypes  that  are  difficult  to  classify.  These  ate 
related  to  factors  such  as  slope  stability,  soil  mois¬ 
ture,  eryoturbation  and  sueeessional  history.  The 
effect  of  frost  activity  is  of  primal  y  impotiance 
(Hopkins  and  Sigaloos  195).  Sign  Loos  1952. 
Churchill  1955.  Racine  and  Anderson  1979). 
I  rosi-scar  tundra  is  widespread  in  the  foothills.  In 
areas  with  neutral  or  slightly  alkaline  soils,  thU 
has  important  implications  lor  the  vegetation.  Up¬ 
land  tundra  soils  are  normally  acidic  due  to  thick 
peat  layers  and  the  accumulation  of  organic  acids. 
Sphagnum  moss,  numerous  ericaceous  shiuhs. 
and  other  bog  species,  such  as  cloudbcny  (Ruhiis 
clwnwemonts),  are  adapted  to  an  acidic  env  it  oil¬ 
men!.  Where  the  soil  is  more  alkaline,  as  in  places 
where  frost  stirring  has  brought  alkaline  parent 
material  to  the  surface,  many  of  these  species  ate 
replaced  by  a  different  suite  of  upland  Hindi  a 
plants,  including  arctic  avens  {Iliyas  iniennlolm). 
Bigelow’s  sedge  (Carex  higelowi),  wools  willow 
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lullin'  24.  Cotitmgrtiss  msMK'ks  in  Lull  I  la.  I  im  unu  occurs  on  acidic  soils.  /*<• 
iiniiii  \hntb\  tire  ihumoinl-leuleil  willow  (Na!i\  planil'olia  v\/>  puldiiat.  ilwtirl  birth 
(Hetiila  nana  s >./ >.  c\ilis),  /xn;  blueberry  (Vaccinium  ulipmosunO  ain/  iiioiwltiin  eran 
berry  (V.  ulis-iilaca). 
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figure  25.  Liiii  l  I  In.  Moist  Dwarf  Shrub.  Sedge  Tussock  Tundra  tl'/dand 
dwarf -shrub,  tussock  tundra).  This  mm  occurs  on  die  least -disturbed  upland  m ir 
laces.  The  dwart  shrubs  me  dominant. 


Figure  26.  Unit  I  'll/,  Shrub  Tundra.  This  sue  is  on  a  steep,  south-facing  slo/h 
of  a  rocks  ridge  near  the  Jago  k,ver. 


(Sahx  UiiHiui),  I  ho  moss  I  onicnihv/ininn  ni'cns 
ami  the  grass  .  irctagrostis  latiloha.  I  rost  seal  tun- 
dra  is  nuisi  common  on  slopes  and  is  paiticulaily 
common  in  lire  western  pan  of  the  studs  aica. 

With  the  present  1  andsai  map  categoiies.  it  is 
not  possible  to  distinguish  1 1 ost -scat  tundi a  (I  and 
Covet  Unit  Vb)  from  Moist  Sedge.  Piosttate 
Slmib  I  undra  (land  Covet  Cnit  Va).  Howevei. 
the  lattei  type  occurs  along  stream  diainages  neat 
the  coast,  where  tussocks  and  dvvail  shrubs  ate 
not  extensive. 

The  btoad  tops  of  gentle  hills  are  usually  stable 
and  have  peat  accumulations.  The  soils  are  conse¬ 
quently  acidic,  supporting  thick  Sphagnum  peat 
with  cottongrass  tussocks  ( Lnophorutn  vagma- 
rmn )  and  dwarf  shrubs,  such  as  dwarf  birch  ( Hetu - 
hi  mini/),  diamond-leafed  willow  (Sahx  /ilartloha 
ssp.  pulclira),  l  abrador  tea  I l.cthnn  decunihens). 
bog  blueberry  ( I  acciniuni  uliginasuin)  and  moun¬ 
tain  cranberry  (('.  vitis-idaea). 

Cast  of  the  Mulalutla  Rivet  these  is  a  noticeable 
boundary  between  I'nits  V  and  VI  corresponding 
approximately  to  the  break  in  slope  between  the 
flatter  plains  and  the  foothills  (Plate  1).  North  ol 
this  boundary  the  soils  are  characteristically  less 
acidic  than  to  the  south.  lo  the  north,  atesic  sites 
typically  have  cottongrass  tussocks  with  basiphi- 
lous  lava  such  as  arctic  avens  (Di  vas  intcerilolia). 
woolly  willow  (Sa/ix  lanaia).  net-veined  willow  (X. 
reticulata )  and  purple  mountain  saxifrage  (Saxt- 
Iraga  op/iosiiilolia).  with  mosses  such  as  I'omcm- 


hvpnum  linens,  Dnnchitni  llextcaulc.  Disiicliiuin 
i  a/iillaccitin.  and  /  Ivloconuuin  s/dendens.  lo  the 
south  the  secondary  taxa  normally  are  mote  acid- 
iphilous  and  include  the  taxa  mentioned  in  the  pie- 
ceding  patagtaph. 

Mountainous  ICIlillll 

I  atulloi  ms  ami  xu//s.  Mountainous  ten. tut  oc 
s  in  s  m  i  he  v  icimiy  ol  Sad  lei  oclut  Spt  mg  and  cov 
ills  about  nt  the  studv  aica  digs.  2' 

and  2is)  lliis  aica  i.  mosilv  above  6<K)  m  and  is 
undcilam  In  c|uait/ilic  sandstones  that  compose 
poilioits  ui  the  Sadleii'chil  Mountains.  I  hese 
aieas  weie  not  visited  dining  the  1  V>N  1  held  woik. 
Most  ol  the  comments  hcie  aie  geneial  and  aie 
based  on  inhumation  gatheicd  horn  similai  aieas 
west  ol  the  study  aiea.  An  idealized  section  ol 
mountainous  teriain  is  shown  in  I  iguic  2d. 

i’idge  ciests  have  only  sporadic  occuncnces  ol 
soils  and  vegetation,  with  com  pi .  giound  pal¬ 
let  ns  and  rock  land.  I  he  soils  on  i  idges  ate  mainly 
Peigelic  t  ivorihents,  or  Ciyumbiepi'  (I  ig.  .hi)  if 
the  textuiesare  fine  enough,  mixed  with  host  fea¬ 
tures.  I  ppei.  steepei  portions  of  most  alpine 
slopes  aie  mantled  by  scree  or  blocks  talus.  1  hese 
deposits  commonly  display  block  stripes  and  oi 
block-bordered  terraces.  Ice  commonly  fills  the  in¬ 
terstices  of  the  finer  cobble  and  gravel-sized  liag- 
mcnts  below  the  large  sutface  blocks.  Pockets  ol 
Peigelic  Ciyumbtepts,  Cvxochrepts.  or  on  occa¬ 
sion.  Peigelic  t  ry  aquolls  occur  in  finei -text in  eel 


liftwc  27.  Mountainous  terrain  in  the  Satl/e'ochii  Mountains.  Alpine  tundra 
Unit  IXh)  occurs  oil  the  peaks  and  ndves 
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Figure  28.  Sadlerochil  Spring.  Many  unusual  plant  communities  are  associated  with 
the  spring. 
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figure  29.  Idealized  toposequence  across  Mountainous  Terrain. 


materials.  Their  presence  and  degree  of  develop¬ 
ment  indicate  local  stability  or  very  slow  move¬ 
ment. 

Downslope  from  the  talus  (f  ig.  29),  where  the 
vegetation  cover  is  commonly  complete  and  snow  - 
Hanks  develop,  the  slopes  display  a  variety  of  soli  - 
tluction  forms,  including  turf-banked  terraces, 
lobes  and  stripes.  A  complex  of  soils  is  found  on 
these  slopes,  including  Pcrgelie  or  Histic  Pergelic 
C'ryaquepts  in  wet  depressions,  Pergelic  Crya 


quolls  on  somewhat  better  drained  terraces  or  lobe 
fronts,  and  occasionally,  Pergelic  Crvohemists  or 
Cryosa prists  where  slow  deformation  has  pro¬ 
duced  folded  and  overthickened  organic  horizons. 
The  active  layer  thickness  on  these  slopes  varies 
considerably,  ranging  from  70  cm  or  more  in  the 
wetter  areas  to  less  than  30  cm  on  some  of  (he 
better-drained  microtopographic  elements  with 
organic-rich  soils.  Where  coarse,  blocks  talus  un¬ 
derlies  the  solifluction  slope,  moving  water  may 


distribute  mineral  material  over  the  surface  ol 
otherwise  organic-rich  soils.  Solifluction  slopes 
arc  natural!)  unstable,  with  a  complex  of  perched 
water  tables  and  subsurface  drainage.  They  are 
vet)  susceptible  to  vehicle  traffic,  which  can  pro¬ 
duce  mechanical  and  thermal  erosion. 

I  euetaiion.  The  vegetation  communities  in  al¬ 
pine  areas  are  complex  and  are  interspersed  with 
unvegetated  rock  and  talus  slopes.  The  character 
of  the  vegetated  slopes  varies  considerably.  Alpine 
floras  are  exceptionally  diverse  due  to  the  wide 
range  of  lithologies,  soils,  altitude,  snow  depths, 
exposure  to  wind,  and  site  moisture.  The  more 
completely  vegetated  areas  have  extensive  moss 
mats  with  numerous  small  shrubs,  such  as  moun¬ 
tain  avens  (Dry as  octopeiala).  prostrate  willows 
(e.g.  Sal ix  arctica.  .S',  chamissonis,  and  .S',  phlebo- 
phylla)  and  small  forbs  (Land  Cover  Unit  IXb; 
Partially  vegetated  areas,  Alpine  tundra).  There 
are  few  detailed  vegetation  studies  of  the  Brooks 
Range;  the  most  relevant  is  that  of  Batten  (1977), 
who  described  the  vegetation  of  the  Lake  Peters 
area.  On  the  L.andsat  classification,  mountainous 
areas  are  depicted  as  either  partially  vegetated 
(Land  Cover  Unit  IXb)  or  barren  (Land  Cover 
Unit  X). 

River  flood  plains 

LandJ'orms  and  soils.  This  terrain  type  includes 
the  present  channels  and  braided  drainages  as  well 
as  the  adjacent  abandoned  channels  and  deltas. 


River  flood  plains  cover  24.6°i>  of  the  study  area. 
The  present  river  Hood  plain  consists  ol  the  active 
channel  and  usually  one  or  more  terraces  d  ig.  31). 
An  idealized  section  across  a  liver  channel  is 
shown  in  I  igure  32. 

The  major  rivers  within  the  study  area  have 
braided  channels  ranging  in  width  from  about  0.1 
to  4  km.  The  diamond-shaped  islands  between 
channels  are  probably  inundated  at  least  sporadi¬ 
cally  in  most  years  during  the  period  of  mellofl 
(usually  late  May  to  early  June).  Two  types  of  is¬ 
lands  are  recognized.  The  first  consists  of  unvege¬ 
tated  gravels  and  gravelly  sands  (or  silts  in  the  del¬ 
ta  region).  These  areas  are  flooded  annually  and 
are  subject  to  intensive  water  and  ice  scouring. 
There  is  not  any  soil  or  vegetation  on  these  fea¬ 
tures.  and  they  are  described  as  river  wash.  The  se¬ 
cond  type  of  island  is  somewhat  higher  above  the 
main  channel.  The  soils  consist  of  various  thick¬ 
nesses  of  silt,  silt  loam,  loam  and  fine  sandy  loam 
over  gravel  and  gravelly  sands.  In  the  most  stable 
situations  a  thin  Al  horizon  has  developed,  and 
some  mottling  occurs  in  the  fine  sediments.  The 
active  layer  normally  exceeds  1  m.  The  soils  are 
classified  as  Cryorthents.  Most  islands  are  com¬ 
plexes  of  Cryorthents  and  river  wash. 

In  a  few  cases,  where  fine  sandy  surface  sedi¬ 
ments  have  been  teworked  into  low  discontinuous 
sand  dunes.  Cryopsamment  soils  occur,  with  thaw 
depths  in  excess  of  I  m.  Sand  dunes  are,  however, 
tare  in  the  study  area  and  are  confined  mostly  to 
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Figure  30.  Pergelic  Cryumbrepi  soil.  This  soil  is 
common  in  alpine  crest  areas. 


Figure  31.  The  Canning  River.  Such  ureas  ionium  varied  habitats  including  barren 
and  purl  tally  vegetated  river  gravels  in  the  channel  areas ;  willows  and  I)r\as  terrace 
communities  are  in  the  older  channels  to  the  right. 


Moisture  Status  (%)  W-wet,  M -moist,  D-dry 
*  Term  is  not  currently  recognized  in  U.S.  Soil  Taxonomy 

W  30,  M  60  W  20,  M80 


I 

Riverine  System 


Foothills 


Figure  32.  Idealized  loposequence  across  River  Flood  Plains  and  Foothills. 


(he  deltas  of  the  Canning  and  Jago  rivers.  These 
features  are  small,  mostly  less  than  1.5  m  high, 
and  are  composed  of  fine  sand  with  a  significant 
silt  component. 

Beyond  the  confines  of  the  braided  river  chan¬ 
nel  complex  are  a  number  of  paired  and  nonpaired 
terraces,  most  of  which  are  above  the  influence  of 
snow-melt  flooding.  The  youngest  terraces  com¬ 


monly  retain  Ihe  patterns  of  channels  and  islands. 
For  the  most  part,  the  soils  of  the  terraces  are  Cry- 
orthents  (Fig.  33)  and  are  well  drained.  The  over- 
lying  fine  materials  may  be  20  cm  or  more  thick 
and  are  commonly  bedded.  The  coarser  layers  are 
composed  of  fine  sands.  They  are  like  Fluvenl 
soils  of  more  sou...,rn  climates;  however,  the  soil 
taxonomy  does  not  allow  for  Fluvents  in  perma- 
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Figure  33.  Pergelic  Cryoriheni  soil  on  a  Dryas  river 
terrace  ( Unit  ll'b).  This  soil  resembles  a  Fhivent  o  f  more 
southern  areas. 


frost  areas.  The  organic-rich  surface  (A)  hori/on 
may  be  up  to  15  cm  thick. 

The  channel  areas  are  poorly  drained,  with  fi¬ 
brous  organic  (0)  horizons  20  cm  or  more  thick  ov  ¬ 
erlying  mottled  gray  silts  and  silt-loams.  Perma¬ 
frost  is  usually  encountered  within  0.5  m.  These 
soils  arc  Pergelic  Cryaquepts.  A  surface  pattern 
consisting  of  1-  to  2-m-diameter  polygon  cells  (re¬ 
ticulate  pattern  of  Everett  [1980a])  is  common  on 
the  better  drained  island  elements.  Some  terraces 
may  lack  any  surface  pattern  and  consist  mostly  of 
wet  graminoid  tundra,  while  others  may  have 
weakly  expressed  polygons  with  disjunct  rims 
and/or  strangmoor. 

Away  from  the  river  (Fig.  32)  there  is  poorer 
drainage,  with  Cryorthents  and  Fluvent-like  soils 
giving  way  to  Pergelic  and  Histic  Pergelic  Crya¬ 
quepts  in  which  the  surface  organic  horizon  is 
composed  of  fibrous  sedge  peat  and  roots.  The  ac¬ 
tive  layer  also  decreases  in  response  to  the  highly 
organic  soils  and  poorer  drainage.  Disjunct  low- 
centered  polygons  and/or  strangmoor  mask  the 


traces  of  the  river  island  pattern.  The  soils  of  the 
riverine  areas,  with  few  exceptions,  are  nearly  neu¬ 
tral  in  pH  or  are  moderately  alkaline. 

Steep  bluff  slopes  (  ^24°o)  along  the  risers  and  a 
narrow  strip  along  their  crests  are  included  within 
the  riverine  area  (Fig.  32).  Bluffs  may  be  under¬ 
going  active  erosion  or  they  may  be  fossil,  in  that 
they  rise  above  long  inactive  river  terraces.  In  ei¬ 
ther  case  they  are  subject  to  rapid  natural  failure 
by  mudflow  and/or  solifluction.  The  result  is 
commonly  a  complex  of  soils.  Solifluction  lobes 
with  over-thickened  (cumlic)  A  horizons  may 
stand  50  cm  or  more  above  the  surrounding  slope. 
Wetter  areas  occur  upslope  from  the  solifluction 
lobes.  The  soils  are  mostly  Pergelic  Cryaquolls. 
but  Pergelic  Cryaquepts  may  be  important  locally. 

Steep  drainage  gradients  associated  with  bluffs 
often  produce  a  microtopographic  reversal,  i.e. 
the  conversion  of  low-centered  polygons  to  high- 
centered  polygons  due  to  erosion  of  the  polygon 
troughs  (Everett  1980a).  During  the  course  of  this 
reversal  the  low,  highly  organic-rich  centers  (often 
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Pergelic  Cryaquepts  or  Histic  Pergelic  Crya- 
quepts)  undergo  drainage  and  oxidation.  Com¬ 
monly  the  soils  are  enriched  with  mineral  materi¬ 
als  eroded  from  the  exposed  bluff  or  derived  as 
eolian  material  from  the  river-island  complex  be¬ 
low.  The  resulting  soils  are  well-drained  Pergelic 
Cryoborolls.  The  organic-rich  surface  horizons 
are  underlain  by  variable  thicknesses  of  oxidized, 
sandy-texiured  materials  that  thaw  to  depths  of  1 
m  or  more.  The  processes  of  topographic  reversal 
are  quickly  attenuated  inland  from  the  bluff  edge; 
within  a  distance  of  100  m,  low-centered  polygons 
(or  some  other  surface  pattern)  are  generally  well 
developed.  The  addition  of  wind-blown  fine  sand 
can  usually  be  recognized  for  distances  well  be¬ 
yond  100  m.  Bluff  crests  and  their  soils  undergo 
natural  profile  disruption  by  cryoturbation  and 
wind  abrasion.  Because  they  are  exposed,  they  are 
commonly  snow -free  during  winter. 

Another  important  feature  of  the  larger  braided 
rivers  is  aufeis,  or  river  icings  (Fig.  34).  These 
large  ice  bodies  form  during  winter  in  sections  of 
the  rivers  where  there  is  constriction  between  the 
river  bed  and  the  overlying  ice.  The  resulting  hy¬ 
drostatic  pressure  cracks  the  ice  and  permits  water 
to  How  over  the  surface,  where  it  freezes  in  a  thin 
layer.  In  normal  winters,  numerous  layers  will 
form  thick  aufeis  deposits,  which  do  not  entirely 
melt  the  following  summer.  These  features  often 
occur  downstream  from  perennial  springs,  which 


supply  a  constant  source  of  water  during  the 
winter  (Childers  et  al.  1977). 

Vegetation.  The  vegetation  types  associated 
with  river  systems  are  quite  variable.  The  braided 
channels  (Fig.  31)  are  subject  to  intense  disturb¬ 
ance  during  spring  breakup,  and  meandering 
streams  and  braided  rivers  are  constantly  changing 
their  channels.  The  first  plants  to  colonize  river 
gravels  include  the  river  beauty  ( Epilobimn  lati- 
folium)  and  arctic  wormwood  ( Artemisia  aretica ). 
Slightly  more  stable  areas  are  often  only  partially 
vegetated  but  may  contain  a  wide  variety  of  taxa 
(Land  Cover  Unit  IXa;  Partially  vegetated  areas. 
River  bars).  These  are  among  the  most  floristically 
rich  sites  in  the  region  (Fig.  35). 

Willows  (Satix  spp.)  are  common  on  partially 
vegetated  gravel  bars,  and  may  form  dense  shrub 
thickets;  however,  these  thickets  are  not  nearly  as 
extensive  as  the  willow  communities  along  rivers 
farther  west,  such  as  on  the  Sagavanirktok,  Ku- 
paruk  and  Colville  rivers.  This  is  apparent  on  the 
Landsat  classification  and  color-infrared  photos. 
This  situation  contrasts  markedly  with  impres¬ 
sions  gained  from  earlier  maps  of  the  region  (Vi- 
ereck  and  Little  1972,  University  of  Alaska,  Arctic 
Environmental  Information  and  Data  Center 
1975).  The  major  ecosystem  map  of  Alaska  (Joint 
Federal-State  Land  Use  Planning  Commission  for 
Alaska  1973)  shows  extensive  high-brush  com¬ 
munities  covering  about  20%  of  the  study  area. 


f  igure  34.  One  of  the  numerous  river  k  ings  along  the  C  aiming  River.  27  July 
1981. 
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/  nut iv  <6.  Meuiulenin •  tundra  stream.  \ote  the  willows,  /iartnn/ur/y  on  the  inside 
ol  die  bends 


However,  011  1  he  1  uiulsai  classification  (Table  151) 
l here  is  less  than  <).2,’u  aucr  of  shrub  lundra 
vv ii hin  the  entire  study  area.  Dense  shrubs  within 
major  rivet  drainages  (Table  153)  cover  only 
0.002" n  of  the  study  area.  Most  willow  communi¬ 
ties  alone  the  major  rivers  are  fairly  open,  with 
large  components  ol  gravel  and  riparian  lorhs.  On 
the  I  andsat  classification  it  is  not  possible  to  dis¬ 


tinguish  between  the  river  areas  that  are  vegetated 
with  tall  willows  and  those  that  are  partially  vege¬ 
tated  with  prostrate  shrubs  and  or  Curbs  dig.  35). 
1  ven  il  all  the  partially  vegetated  areas  within  this 
terrain  type  were  dominated  by  shrub  willows, 
willow  slmiblands  would  total  no  mote  than 
l.25"'«  of  the  study  area  (I  able  153). 

Dense  willow  communities  also  occut  alone 


/■'inure  37.  Unit  D'b,  Dry  Prostrate  Shrub,  /  'orb  Tundra  fOryas  river  terrace). 
This  unit  typicully  occurs  on  reliculate-/Hilterned  river  terraces  with  small  soil  polygons 
20-40  cm  in  diameter,  barren,  frost-disturbed  areas  arc  common.  I  lie  primary  taut  here 
are  arctic  arcus  ( Divas  integrilolia),  blackish  oxytropc  (Oxytropix  nigrcsccns).  alpine 
milk-retcli  ( Astragali!-*  alpinus)  and  common  cottonyruss  (Lriopltorum  nisic). 


sonic  of  i he  smaller  drainages  outside  the  major 
Hood  plains  (big.  36).  where  lire  soils  are  some¬ 
what  more  stable.  In  most  eases  these  drainages 
are  narrow  and  unlikely  to  appear  on  the  l.andsat 
image.  Smaller  streams  and  interehannel  areas  of 
the  larger  rivers  have  lush  sedge  and  willow 
stands.  The  heights  of  the  willows  vary  according 
to  the  amount  of  winter  snow  cover  and  the  sum¬ 
mer  lempeiaiurc  regime.  Willows  near  the  coast 
are  mostly  prostrate;  near  the  southern  boundary 
of  the  study  area,  shrubs  can  exceed  2  m  in  height . 

/Jm/.v-dominalcd  river  terraces  are  common 
features  associated  with  the  larger  rivers  (big.  37. 
Land  Cover  Unit  iVb).  These  terraces  are  usually 
just  above  the  main  channels  and  are  especially 
common  along  the  Canning  River.  On  the  l.andsat 
classification  these  terraces  have  spectral  signa¬ 
tures  similar  to  that  of  Moist /Wet  Sedge  Tundra 
Complex  (Land  Cover  Unit  IVa).  The  low  reflect¬ 
ance  of  these  terraces  is  due  to  the  mat  of  arctic 
avens  ( Dryas  inteyri/o/ia )  and  the  lack  of  light - 
colored,  ervt,  dead  vegetation.  These  ten  aces  are 
important  for  many  species  of  wildlife;  arctic 
ground  squirrels,  foxes  and  lemmings  are  at¬ 
tracted  to  the  dry,  sandy  soils  for  burrowing  sites, 
and  grizzly  bears  are  often  seen  hunting  for  the 
smaller  animals  in  these  areas.  On  the  l.andsat 
classification  it  would  be  helpful  to  separate  the 


tli >  terraces  from  the  mote  abundant  but  less  Hol¬ 
istically  and  faunistically  lich  Moist  Wet  Sedge 
Tundra  Complex.  This  may  be  possible  on  I  and 
sat  scenes  taken  latet  in  the  xummei  oi  fall,  when 
there  is  a  colot  connast  between  these  two  types. 


CONCLUSIONS 

This  analysis  has  emphasized  several  impoiiam 
features  of  the  ANWR  study  area: 

1)  Thaw-lake  plains  covet  only  about  3#'»  of  the 
study  area,  but  units  wltete  wet  tundia  habitats  ate 
likely  to  oceui  (I  and  Covet  Units  I,  II.  Ill  and  IV) 
cover  about  4(),'i>  of  the  tegion.  Iliese  ateas  ate 
pat t iculat ly  sensitive  to  sutface  explotation  and 
arc  valuable  as  waterfowl  habitat. 

2)  Thcatca  is  mostly  hilly  and  coveted  by  moist 
'undra  of  vatying  charactet .  Units  IV,  V  and  VI 
are  the  dominant  land  cover  types,  covering  55  "o 
of  the  region.  I  tost -scat  tundia  covets  latge  ateas 
of  the  uplands.  Mowevei.  there  is  cm  rent  ly  spec¬ 
tral  confusion  between  fiost-scat  tundra  and  otltei 
land  cover  units.  We  hope  that  this  pioblem  can 
be  eliminated  by  reclusteting  the  data  and  ot  by 
use  of  digital  elevation  models  (1)LM). 

3)  River  flood  plains  and  braided  river  deltas 
covet  nearly  25"'o  of  the  study  area.  This  has  im- 
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ponani  implications  lot  (lie  many  wildlife  species 
dial  mili/e  hahitat  associated  with  rivets. 

4)  Riparian  shrub  communities  are  not  nearly 
as  extensive  as  indicated  on  previous  maps  of  the 
legion.  Only  0.2"'«  of  the  area  has  dense  shrubs. 
Open  slu  ub  communities  along  the  rivers  account 
lot  no  more  than  l.25u#  of  the  area. 

We  recommend  using  the  results  of  this  study  as 
a  basis  lor  selecting  areas  within  each  of  the  major 
i ei rain  types  loi  detailed  studies,  including  mak¬ 
ing  masici  maps  and  investigating  the  soils,  vege¬ 
tation.  gcomoi  phic  processes  and  w  ildlife  use.  The 
loin  aieas  we  visited  in  I S)S t  would  be  good  study 
sites,  and  we  lecommend  adding  an  alpine  site 
neat  Sadleiovhii  Spiing  and  a  flat  thaw -lake  plain 
site  southwest  of  Battet  Island.  These  studies 
would  help  in  evaluating  the  overall  reliability  of 
the  1  andsat  map  and  would  aid  in  evaluating  the 
potential  impact  of  seismic  exploration  within  the 
wildlife  ictuge. 
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APPENDIX  A:  DESCRIPTIONS  OF  LANDSAT  LAND  COVER  CATEGORIES  FOR  ANWR 

In  most  cases  the  colors  on  the  Landsat  image  include  several  types.  The  dominant  types  are  described  here,  but  not  in  order  of 
importance. 


\MumiruuH  apelahini  (noddrnp  Iwhnisl,  <  allha  /iu/n\iii\  (ni.u-h 
nuirijiold)  and  1‘oU‘iinlUi  /iuliism\  (mar-.li  live- tinker  (  Mnssi-  ,,u 
mainlv  Du'pama  lutlm  spp.,  Sciirpulium  S(  ntf>innlf\.  (  atn/nlutnt 
siellulum.  (  alheruon  spp.  and  Sphainiam  spp 
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Vile.  Moist  Sedge  Tussock,  Dwarf  Shrub/W>t  Dwarf  Shrub  Tun*  Vile.  This  unit  differs  from  Unit  VI  primarilv  because  of  the  in 
dra  C  omplex  (water  track  complex).  Slopes  tu  the  foothills  with  creased  abundance  of  water  tracks,  up  to  .Wo  of  some  slope' 

water  tracks.  In  these  areas  the  sedge  tussock,  dwarf  shrub  tundra  These  drainage  channels  run  downslope.  curving  toward  small 

forms  a  complex  with  shrub  communities  in  the  water  tracks.  The  streams.  Soils  in  the  tracks  are  primarilv  (I  ibnc)  Mimic  I'ergelu 


flowered  anemone),  Equiselum  arvense  (common  horselail),  Trim-  sand  upper  horizon  is  generall)  <  10  em  thieh  and  fails  zones  of 
turn  spicaium  (spiked  iriselum).  Desthampsia  caespiltaa  (lulled  or  trams  rnalerials. 

hairgrass)  and  Asiranulus  a/pmus  (alpine  milk-veleh). 


APPENDIX  B:  AREA  SUMMARIES 


Table  Bl.  Acreage  summaries  of  the  vegetation  of  the  Coastal 
Plain  portion  of  the  Arctic  National  Wildlife  Refuge. 

The  water  eatcgor>  includes  ocean  within  the  study  area  boundary. 


Land 

Cover  Unit 

Acres 

Percentage  of  Study 
Area 

1. 

Water 

101,355 

6.2 

II. 

Pond/Sedge  Tundra  Complex;  Aquatic  Tundra; 
or  shallow  water 

16,964 

1.0 

1 II. 

Wet  Sedge  Tundra 

260,057 

15.8 

IV. 

Holst/Wet  Sedge  Tundra  Complex,  or 

Dry  Prostrate  Shrub,  Forb  Tundra 
(Dryas  river  terraces) 

270,565 

16.5 

V. 

Moist  Sedge,  Prostrate  Shrub  Tundra; 
or  Moist  Sedge/Barren  Tundra  Complex 
(frost-scar  tundra) 

434, 5t2 

26.5 

VI. 

Moist  Sedge  Tussock,  Dwarf  Shrub  Tundra 

414,550 

25.3 

VII. 

Moist  Dwarf  Shrub,  Sedge  Tussock  Tundra; 
or  Moist  Sedge  Tussock,  Dwarf  Shrub/Wet 
Dwarf  Shrub  Complex  (water  track  complex) 

51,140 

3.1 

VI  II. 

Shrub  Tundra 

3,142 

0.2 

IX. 

Partially  vegetated  area 

27,678 

1.7 

X. 

Barren  gravel  or  rock 

27,642 

1.7 

XI  . 

Wet  gravel  or  npd 

28,402 

1.7 

XI  1. 

1  ce 

4,612 

0.3 

1 

,640,626 

100.0 
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measurements,  b>  surve>  founship  and  land  cover  class,  in  percent  and  acres 


100  100 
17,21?  22,118 


Table  B3.  Planimetry  data  for  the  Arctic  National  Wildlife  Refuge  study  area 


IXc.  Partially  vegetated  77  Mixed  Barren  Land  IV.  Partial  ly  vegetated  None  Upland  5£.(2)a.  Cr.istose  lichens  None 

areas  (sorted  stone  nets)  ground  2.C«(1)g.  Open  lichen 


APPENDIX  1):  SOIL  TAXONOMY 


The  word  “soil,”  as  used  in  this  report,  refers 
to  the  thawed  layer  of  ground  observed  in  August. 
The  nomenclature  is  that  of  the  U.S.  Department 
of  Agriculture,  Soil  Conservation  Service  Manual 
430,  1981  Draft  and  Handbook  436  (Soil  Survey 
Staff  1975)  unless  otherwise  noted  in  the  text. 

Of  the  ten  soil  orders  recognized  in  Soil  Taxon¬ 
omy  (Soil  Survey  Staff  1975),  four  are  found  in 
ANWR  (App.  A).  Soils  belonging  to  the  order 
Mollisols  are  extensive.  They  occur  in  all  terrain 
types,  particularly  in  the  Foothills  and  Hilly 
Coastal  Plain.  Mollisols  are  dark-colored  mineral 
soils.  The  dark  color  is  a  reflection  of  at  least 
2.5°’o  organic  carbon  in  the  upper  18  cm  of  the 
profile.  In  addition  to  the  dark  color,  Mollisols 
have  a  base  saturation  greater  than  50o;o,  i.e.  Mol¬ 
lisols  are  neutral  or  slightly  alkaline  in  reaction 
(pH).  Wet  Mollisols  are  classified  as  Aquolls,  uqu 
indicating  an  aquic  (reducing)  moisture  regime 
and  oil  indicating  the  soil  order  Mollisols.  The 
prefix  Cry  appears  at  the  Great  Group  level  of 
classification  for  all  soils  found  in  ANWR  and  in¬ 
dicates  a  mean  annual  temperature  less  than  8°C. 
The  term  Pergelie  (permanently  frozen)  appears  at 
the  subgroup  level  of  all  ANWR  soils.  Thus,  Per¬ 
gelie  Cryaquoll  defines  a  cold,  wet,  dark-colored, 
base-  and  organic-rich  mineral  soil  underlain  by 
permanently  frozen  material.  Pergelie  Cryaquolls 
occurring  in  very  wet  areas  may  have  a  surface 
horizon  with  greater  than  20  but  less  than  40  cm  of 
organic  material.  These  soils  are  designated  as 
Histic  Pergelie  Cryaquolls  (the  term  Histic  indi¬ 
cates  an  organic  surface  horizon  greater  than  20 
cm  thick).  Mollisols  on  well-drained  sites  are 
termed  Pergelie  Cryoborolls. 

Inceplisols  are  mineral  soils  that  have  only 
weakly  differentiated  soil  horizons.  This  is  due 
primarily  to  the  ineffectiveness  of  the  leaching 
process  in  the  cold,  wet  tundra.  Organic  carbon  in 
the  Inceptisols  is  not  evenly  distributed  in  a  dis¬ 
tinct  mollic  epipedon  (dark-colored,  base-rich  sur¬ 
face  horizon)  as  in  the  Mollisols.  Aquepts  ( ept  in¬ 
dicates  the  soil  order)  are  wet  Inceptisols  that  com¬ 
monly  show  some  degree  of  mottling  (iron  oxida¬ 
tion)  in  the  mineral  soil  below  the  organic  surface 
horizon.  Mineral  soils  generally  are  gray,  reflect¬ 
ing  a  saturated,  reducing  environment.  In  some 
cases  an  organic  surface  horizon  greater  than  20 
cm  thick  forms  the  epipedon  (surface  horizon)  and 


the  soils  are  termed  Histic  Pergelie  Cryaquepts. 
Wet  Inceptisols  lacking  such  an  epipedon  are  sim¬ 
ply  termed  Pergelie  Cryaquepts.  Most  Cryaquepts 
show  some  quantity  of  organic  matter  mixed  in 
the  subsurface  horizons,  presumably  concentrat¬ 
ing  at  or  near  the  seasonal  permafrost  table.  Many 
Cryaquepts  developed  in  silt,  silt  loam,  or  fine 
sandy  loam  materials  display  thixotropic  charac¬ 
teristics  and  will  flow  spontaneously  upon  vibra¬ 
tion.  Cryaquepts  are  common  components  of  soil 
complexes  and  are  often  associated  with  Mollisols, 
particularly  where  they  occur  in  frost  scars.  In 
such  cases  the  complex  is  termed  Ruptie-(inter- 
rupted)  Cryaqueptic  Cryaquoll.  The  term  Entic 
(Entisol)  may  replace  Cryaqueptic  if  frost-scar 
soils  show  little  or  no  horizon  development. 

Relatively  well  drained  and  stable  sites,  especial¬ 
ly  on  ridge  crests,  have  Pergelie  Cryumbrepts, 
which  are  Inceptisols  with  an  umbrie  (dark-col¬ 
ored,  base-poor)  surface  horizon  underlain  by  an 
acid  (base-poor)  subhorizon.  Similar  soils  lacking 
the  umbrie  surface  horizon  are  usually  designated 
Cryochrepts. 

Entisols  are  soils  with  little  or  no  horizon  devel¬ 
opment.  They  are  common  on  unstable  sites  such 
as  sand  dunes,  flood  plains  and  talus  areas.  Cry- 
opsamments  are  sandy  Entisols  that  are  subject  to 
blowing  and  drifting.  Cryorthents  are  coarser  and 
are  composed  of  gravels,  rocks  and  materials 
found  in  recent  mudflows,  glacial  deposits  and 
stabilized  river  alluvium. 

Perhaps  the  least  extensive  and  least  predictable 
in  occurrence  are  the  organic  soils  (Histosols). 
These  soils  have  a  surface  horizon  composed  of 
greater  than  40  cm  of  organic  materials  and  gen¬ 
erally  greater  than  60°7o  organic  matter  overlying 
gray,  sometimes  mottled,  fine-textured  mineral 
materials.  Normally  these  soils  are  very  wet,  to  the 
extent  that  the  organic  materials  are  buoyant  or 
partially  so.  They  occur  on  flat  areas,  either  on 
ridge  crests  or  in  lowlands.  Three  taxa  of  cold 
Histosols  are  recognized:  Pergelie  Cryofibrists 
(fibrous,  low-density  organic  matter),  Pergelie 
Cryosaprists  (nonfibrous,  highly  decomposed  and 
dense  organic  matter)  and  Cryohcmists  (interme¬ 
diate  organic  matter  characteristics).  Histosols 
may  have  any  pH,  although  in  ANWR  most  are 
nearly  neutral  in  reaction. 
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V.  Molst/Wet  Sedge,  4.2  See  sane  land  cover  heading  under  Hilly  Coastal  Plains 

Prostrate  Shrub  Tundra 


A  facsimile  catalog  card  in  Library  of  Congress  MARC 
format  is  reproduced  below. 
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P.d.  Webber.  Hanover,  N.H.:  U.S.  Cold  Regions  Re¬ 
search  and  Engineering  Laboratory;  Springfield,  Va.: 
available  from  National  Technical  Information  Ser¬ 
vice,  1982. 

vii,  68  p.,  illus.;  28  cm.  (.  CRREL  Report  82—37.  ) 
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Land  cover  class,  dominant  vegetation,  and 

The  total  surface  area  shown  is  1,640,627  acres 

Water.  —Ocean  surfaces,  and  lake  and  river  surfaces  larger  | 

than  1  acre  (Area  measurement  excludes  water  surface 
outside  seaward  limit  of  study  area. ) 

. .  101.355  a  (41.018  ha)  (6.2  pet) 

Pond  Sedge  Tundra  Complex;  Aquatic  Tundra,  or  shallow  11 

water.  —  Very  wet  tundra  areas  with  ponds  and/or  emer-  hmm 
gent  communities  of  Carex  spp  or  Arctophila.  and  up  to 
50%  moist  or  wet  tundra  16.964  a  (6.865  ha)  (1  0  pet). 

Wet  Sedge  Tundra.  —Wet  tundra  with  little  standing  water  ^ 
or  with  up  to  half  of  surface  area  water-covered  or  emer- 
gent  vegetation,  or  coastal  areas  periodically  covered  BagfeH 
with  salt  water  260.057  a  (105.244  ha)  (15  8  pet) 

Moist  Wet  Sedge  Tundra  Complex;  or  Dry  Prostrate 

Shrub,  Forb  Tundra  (Dryos  river  Terraces).  —  Moist  IV 
sedge  tundra  with  up  to  40%  wet  sedge  tundra,  or  dense 
prostrate  mat  of  Dryos  on  river  terraces 

270,565  a  U09.496  ha)  (16  5  pet). 

Moist  Sedge.  Prostrate  Shrub  Tundra;  or  Moist  Sedge/ 

Barren  Tundra  Complex  (frost-scar  tundra)  -  Better 

drained  areas  on  rolling  terrain  sometimes  with  tussocks,  (  i 

or  sparsely  vegetated  frost-scar  tundra^  . . .  .  _ , .  ■  •  ^  ^  | 


map  surface  area  in  acres,  hectares,  and  percent 

i  (2.563  sq.  mi.),  or  663,952  hectares  (6.640  sq.  km  ). 

Moist  Dwarf  Shrub.  Sedge  Tussock  Tundra,  or  Moist  VI! 
Sedge  Tussock.  Dwarf  Shrub  Wet  Dwarf  Shrub  Com-  sgM*| 
plex  (water  track  complex).  -  Upland  tundra  with  HK9 
shrubs  to  50  cm  high,  or  upland  tussock  tundra  with 
shrubs  in  w'ater  tracks  51.146  a  (20.699  ha!  id  2  p  1'  ^ 

Shrub-Tundra. —South  facing  slope'  in  foothills  .a  Mih  Mttjj 
alpine,  with  willow,  birch,  aider  to  2m.  or  dense  shrub-  in  jj^PI 
water  tracks  .1.142  a  (1  272  hal  iO  2  |x  t 

Partially  vegetated  areas.  —  Diverse  habitats  tmlud.n  ;  nu-  ' v 

bars,  alpine  tundra  and  moss  mats  with  harreu  ns  s  iti.f 
talus,  lichen  covered,  sorted  stone  net'  and  bea.  ‘ 

mudflats  27.b/8a  ill  201  ha'  1  1st 

Barren  gravel  or  rock.  —  Bare  light  tolored  use'  mne 

gravel  and  sand  sp  alpine  harren-  u'spe,  lallv  (■>.  H 
mitel.  and  cultural  barrens  (road  or  runway)  "tie"  wit1 
rich  hul  sparse  floras  27.642  a  ill.  16b  h,,i  1  i"  r 

Wet  gravel  or  mud.  —  Extensive  banco  mud  in  mo  della- 

and  w/eU5Mlarko^^^™wl^M>^^wsornve^>«ds^J^jj 
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*  Introduction 

This  map  is  produced  in  conjunction  with  an  environmental  impact 
statement  assembled  by  the  U  S  Fish  and  Wildlife  Service  (USFWSt 
in  anticipation  of  oil  exploration  on  the  Arctic  National  Wildlife  Refuge 
coastal  plain  Classification  of  vegetation  and  Lind  cover  is  derived 
from  digital  multispectral  data  comprising  l.andsat  scenes  indexed  in 
the  margin  For  l«x  ation  control  and  area  measurement.  Lind  covet 
data  are  assigned  to  f>0  x  ho  m  cells  in  UTM  /ones  h  and  7.  then 
merged  into  /one  <>  (extended i  for  map  printing 

Vetjetatmn  classifn  ation  find  field  review  are  bv  William  Ac»*vedo 
1  recbnicolnr  ( iraplm  Services  I  and  I  )onald  Walker  (Institute  <  »f  Arc In 
and  Alpine  Reseanh-  I>esign  of  map  arid  statistical  products  is  In, 
I  eonard  (  j.ivdos  ,in<j  I.jmh’s  R  Wrac  (IN(iS)  Color  se;  ^nation  and 
screening  for  four  <  ojnr  process  printing  .ire  done  on  a  large  formal 
laser  plotter  Using  dot  s<  reens  and  .ingles  developed  on  that  equip 
rnenf  and  plotted  dire<  flvonfo  the  separations  as  data  are  read  from 
the  digital  file  I’ he  resulting  colors  replic  ate  those  otherwise  achieved 
at  USGS  using  open  window  plate  negatives,  conventional  mechani¬ 
cal  screens,  and  the  same  process  ink  colon. 


gent  communities  of  Carex  spp.  or  Arctophila:  and  up  to 
50%  moist  or  wet  tundra  16.964  a  (6,865  ha)  (1  0  pet). 

Wet  Sedge  Tundra.  —  Wet  tundra  with  little  standing  water 
or  with  up  to  half  of  surface  area  water-covered  or  emer¬ 
gent  vegetation,  or  coastal  areas  periodically  covered 
with  salt  water  .  260,057  a  (105,244  ha)  (15  8  pet). 

Moist/Wet  Sedge  Tundra  Complex;  or  Dry  Prostrate 
Shrub,  Forb  Tundra  (Dryox  river  Terraces). — Moist 
sedge  tundra  with  up  to  40%  wet  sedge  tundra,  or  dense 
prostrate  mat  of  Dryas  on  river  terraces 
.  270.565  a  (109.496  ha|  (16  5  pet). 

Moist  Sedge,  Prostrate  Shrub  Tundra;  or  Moist  Sedge/ 
Barren  Tundra  Complex  (frost-scar  tundra).  —  Better 
drained  areas  on  rolling  terrain  sometimes  with  tussocks: 

or  sparsely  vegetated  frost-scar  tundra . 

.  434.512  a  (175.845  ha)  (26.5  pet) 

Moist  Sedge  Tussock,  Dwarf  Shrub  Tundra.  —  Well- 
drained  upland  tussock  tundra  in  foothills  with  high 
percentage  of  cottongrass  tussocks  and  dwarf  or  prostrate 
shrubs .  414,550  a  (167.766  ha)  (25  3  pet). 


Shrub-Tbndra. — South-facing  slopes  in  foothills  or  sub- 
alpine.  with  willow  birch,  alder  to  2m.  or  dense  shrubs  in 
water  tracks  3.142  a  (1,272  ha)  (0  2  pet) 

Partially  vegetated  areas.  —  Diverse  habitats  including  river 
bars,  alpine  tundra  and  moss  mats  with  barren  rock  and 
talus,  lichen-covered,  sorted  stone  nets  and  beach  or 
mudflats  27.678  a  (11  201  ha)  11  7  pet) 

Barren  gravel  or  rock. —  Bare  light-colored  river  gravel, 
gravel  and  sand  spits,  alpine  barrens  (especially  dolo¬ 
mite).  and  cultural  barrens  (road  or  runway),  often  with 
rich  but  sparse  floras  27.642  a  (11.186  ha)  (1  7  pet) 

Wet  gravel  or  mud.  —  Extensive  barren  mud  in  river  deltas 
and  wet  or  dark -colored  gravel  on  beaches  or  river  beds, 
or  dark-colored  barren  rock  in  mountains 

28.402  a  (11.494  ha)  (17  pet) 


Ice.  —  River  icings  in  the  braided  stream  channels  of  most 
larger  rivers  .  .  4.612  a  1 1.866  ha)  (0  3  pet) 


(especially  dolo- 


runway),  often  with 
[•(11.186  ha)  (1.7  pet). 

pen  mud  in  river  deltas 
k  beaches  or  river  beds. 

kuntains . 

•  (11.494  ha)  (1.7  pa) 


i  channels  of  most 
1,866  ha)  (0  3  pet). 
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and  Alpine  Research),  Design  of  map  and  statistical  products  is  by 
Leonard  Gaydos  and  James  R  Wray  (USGS).  Color  separation  and 
screening  for  four -color  process  printing  are  done  on  a  large -format 
laser  plotter  using  dot  screens  and  angles  developed  on  that  equip¬ 
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the  digital  file.  The  resulting  colors  replicate  those  otherwise  achieved 
at  USGS  using  open-window  plate  negatives  conventional  mechani¬ 
cal  screens,  and  the  same  process  ink  colors 
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AREA  MEASUREMENTS,  by  Survey  Township  and  Land  Cover  Class,  in  Percent  and  Acres-* 
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* —  Class  number  and  order  correspond  to  that  in  map 
legend  A  full  township  of  36  sq  mi  contains  23,040  acres 
(9.331  hectares)  Map  legend  includes  study  area  totals 
and  area  conversion  factors  From  the  land  cover  data  base 
in  digital  format  many  other  map  and  statistical  products 
are  possible 
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Landcover  class  and  dominant  vegetation 


□ 


Water.—  Ocean  surface,  and  lake  and  river  surfaces  larger 
than  1  acre 

Pond/Sedge  Tundra  Complex;  Aquatic  Tundra;  or 
shallow  water— Very  wet  tundra  areas  with  ponds 
and/or  emergent  communities  of  Carex  spp  or  Arcto 
phila  fulva,  and  up  to  50%  moist  or  wet  tundra. 

Wet  Sedge  Tundra, —Wet  tundra  with  little  standing 
water,  or  with  up  to  half  of  surface  area  water  covered 
or  emergent  vegetation,  or  coastal  areas  periodically 
covered  with  salt  water 


Moist/Wet  Sedge  Tundra  Complex;  or  Dry  Prostrate  |  1 

Shrub,  Forb  Tundra  (Dry as  river  terraces).— Moist  |  | 

sedge  tundra  with  up  to  40%  wet  sedge  tundra,  or 
dense  prostrate  mat  of  Dryas  on  nver  terraces 


Moist  Sedge,  Prostrate  Shrub  Tundra;  or  Moist  Sedge/ 
Barren  Tundra  Complex  (frost-scar  tundra).— Bet 
ter  drained  areas  on  rolling  terrain  sometimes  with 
cottongrass  tussocks;  or  sparsely  vegetated  frost-scar 

tundra. 


□ 


Moist  Dwarf  Shrub,  Sedge  Tussock  Tundra;  or  Moist 
Sedge  Tussock,  Dwarf  Shrub  Wet  Dwarf  Shrub 
Complex  (water  track  complex).  —  Upland  tundra 
with  shrubs  to  50  cm  high;  or  upland  tussock  tundra 
with  shrubs  in  water  tracks. 

Shrub  Tundra. —South  facing  slopes  in  foothills  or  sun 
alpine,  with  willow,  birch,  alder  to  2m,  or  dense  shrub*- 
m  water  tracks 

Partially  vegetated  areas. —Diverse  habitats  including 
nver  bars,  alpine  tundra  and  moss  mats  with  barren  r<v  * 
and  talus,  lichen  covered  sot  ied  stone  nets,  and  beat  .  » 
mud  flats,  often  with  rich  but  soarse  floras 

Barren  gravel  or  rock. —Bare  light  colored  nver  grave 
gravel  and  sand  spits,  alpine  barrens  (especially  dolomite 
and  cultural  barrens  (road  or  runway),  often  with  ru  *■•■ 
but  sparse  floras 

Wet  gravel  or  mud.  —Extensive  barren  mud  in  nver  deltas 

and  wet  or  dark-colored  gravel  on  beaches  or  nver  beds. 
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This  map  is  derived  from  a  Landsat  classification  entitled  “Vegeta¬ 
tion  and  Landcover  of  the  Coastal  Portion  of  the  Arctic  National 
Wildlife  Refuge,  Alaska,"  which  was  produced  at  the  USGS 
C  ography  Branch  Moffett  Field,  Calif,  for  CRREL  and  the  USFWS 
by  William  Acevedo  (T echnicolor  Graphic  Services)  and  Donald  A. 
Walker  (Institute  of  Arctic  and  Alpine  Research  (INST AAR),  Uni 
versify  of  Colorado)  This  map  was  produced  in  the  INST  AAR  Plant 
Ecology  Laboratory  by  Donald  A  Walker  and  Patrick  J.  Webber 
with  funding  provided  by  the  U  S.  Army  Cold  Regions  Research  and 
Engineering  Laboratory,  Hanover,  N.H  Cartography  is  by  Martha 
Bramhall  January,  1982 
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PLATE  2 


or  emergent  vegetation, 
covered  with  salt  water. 


or  coastal  areas  periodically 


Moist/Wet  Sedge  Tundra  Complex;  or  Dry  Prostrate 
Shrub,  Fort)  Tundra  (Dry as  river  terraces).— Moist 
sedge  tundra  with  up  to  40%  wet  sedge  tundra;  or 
dense  prostrate  mat  of  Dryas  on  river  terraces. 

Moist  Sedge,  Prostrate  Shrub  Tundra;  or  Moist  Sedge/ 
Barren  Tundra  Complex  (frost-scar  tundra).— Bet¬ 
ter  drained  areas  on  rolling  terrain  sometimes  with 
cottony  as*  tussocks;  or  sparsely  vegetated  frost-scar 
tunefca 

Moist  Sedge  Tussock.  Dwarf  Shrub  Tundra— Well- 
drained  upland  tussock  tundra  in  foothills  with  high 
percentage  of  cotton  grass  tussocks  and  dwarf  or  pros¬ 
trate  shrubs  I 


Partially  vegetated  areas.— Diverse  habitats  including 
river  bars,  alpine  tundra  and  moss  mats  with  barren  rock 
and  talus,  lichen-covered  sorted  stone-nets,  and  beach  or 
mud  flats,  often  with  rich  but  sparse  floras. 

Barren  gravel  or  rock.— Bare  light-colored  nver  gravel, 
gravel  and  sand  spits,  alpine  barrens  (especially  dolomite), 
and  cultural  barrens  (road  or  runway),  often  with  nch 
but  sparse  floras. 

Wet  gravel  or  mud.  —Extensive  barren  mud  in  nver  deltas 
and  wet  or  dark-colored  gravel  on  beaches  or  nver  beds, 
or  dark-colored  barren  rock  in  mountains. 


Ice.— River  icings  in  the  braided  stream  channels  of  most  of 
the  larger  rivers. 


